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TRANSORAL CARBON DIOXIDE LASER RESECTION 
OF SUPRAGLOTTIC CARCINOMA 


HEINRICH H. RUDERT, MD 


JOCHEN A. WERNER, MD 


STEFFEN HOFT, MD 


KIEL, GERMANY 


Between 1981 and 1994, 34 patients with squamous cell carcinoma of the supraglottis were treated by transoral carbon dioxide 
laser resection, 12 of them palliatively. Additional treatment included neck dissection in 21 patients and radiotherapy in 24 patients. 
The 3-year overall survival was 62%, and the actuarial survival 80%. The overall survival for T1 and T2 tumors was 71%, and that 
for T3 and T4 tumors was 47%. The overall 3-year survival for the early stages, I and II, was 88%, and that for the advanced stages, 
HI and IV, was 50%. These results are comparable to the outcome after conventional open partial resection. Given the significantly 
lower morbidity (only 7 patients required tracheostomy), we do not observe an age limit anymore. The transoral method can be 
recommended as curative treatment in T1 and T2 tumors and in selected T3 and T4 tumors in concert with neck dissection and/or 
radiotherapy. In patients with advanced inoperable tumors, laser surgery is an excellent alternative to tracheostomy and palliative 


` radiotherapy. Prerequisites for successful application of the transoral carbon dioxide laser resection are adequate resection techniques, 


KEY WORDS — carbon dioxide laser surgery, supraglottic cancer. 


INTRODUCTION 


It was Alonso! who in 1947 described horizontal ` 


supraglottic partial resection as a surgical treatment 


- of supraglottic carcinoma. His method took several 
. decades to gain widespread recognition. Myers and 


Alvi? believe that the reason for this was that the 
time- was not ripe for this idea to be accepted, as it 
seemed to upset the traditional and deeply rooted 
principles of cancer surgery. The history of the de- 
layed acceptance of external supraglottic partial re- 
section now seems to be repeated by endoscopic par- 
tial resection. This is even more regrettable, since 
from a functional point of view, endoscopic partial 
resection 1s greatly superior to open partial resection. 
The reluctant acceptance of endoscopic partial resec- 
tion is most likely a reflection of skepticism regarding 
oncologically safe resection margins as they have 
been proven for open partial resection. The purpose 
of this study was to show that the oncological results 
of this new method compare favorably to those of 
other surgical methods.’ 


PATIENTS AND METHODS 


Between January 1, 1981, and December 31, 1994, 
34 previously untreated patients (28 men and 6 wom- 
en) with squamous cell carcinoma of the supraglottis 
were treated at the Department of Otorhinolaryngol- 
ogy—Head and Neck Surgery of the University of 


- Kiel. The average age was 62 years (range 44 to 89 


years). Eight patients (23%) were older than 65 years. 
Follow-up data were obtained for all patients until 
the time of death or until at least March 1997 (Tables 
1 and 2). The 1987 version of UICC-AJCC (Union 
Internationale Contre le Cancer-American Joint 
Committee on Cancer) staging was used. Table 3 
shows the T and N classifications of the patients. It 
refers to surgical and histopathologic staging con- 
cerning T status. The N status was determined his- 
topathologically when a neck dissection was per- 
formed. In other cases, the staging is based on ultra- 
sound findings. In Table 4, the classification by stages 
is represented. None of our patients had distant me- 
tastasis at primary diagnosis. Nodal disease was al- 
ready present at first diagnosis in 50% of the cases. 
Initially, the indication for laser surgery was pallia- 
tive in 12 patients (Tables 1 and 2). The criteria for a 
palliative resection were the patient’s reduced medi- 
cal status and advanced age in 4 cases, a second pri- 
mary dominating the prognosis in 1 case, a tumor 
that could not have been completely removed by a 
laryngectomy in 1 case, and refusal of laryngectomy 
by 6 patients. One patient refused laryngectomy, neck 
dissection, and radiotherapy. These 12 patients were 
included in the analysis, since 7 of them remained 
free of local recurrence. 


In 21 patients, a neck dissection was performed: 
in 9. patients in 1 procedure with the laser surgery, 
and in 12 patients about 7 days after the laser surgical 


From the Department of Otorhinolaryngology—Head and Neck Surgery, University of Kiel, Kiel, Germany. 
Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 9-10, 1998. 
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TABLE 1. CHARACTERISTICS AND OUTCOME OF 24 PATIENTS WITHOUT LOCAL RECURRENCE 
Death 
Not 
Therapy; Related 
Reason for Naso- to Primary 
Pt Inten- Tumor Palliative Trache- gastric Compii- Follow- Metastatic | Second Tumor 
No. Age, Sex TNM tion Location Treatment ostomy Tube cations up Recurrence Primary Location 
1 69,M TINIMO Cura Supraepi Laser, unilat 5d 3 y 8 mo Prostate cancer Cardiopulmo- 
ND, RT nary disease 
3 y 8 mo 
2 79,M_ TINOMO Pall Supraepi Laser, RT; 5d 8 y 5 mo 
age 
3 61,M TINIMO Cura Supraepi laser, bilat 56d 6 y 3 mo Oropharyngeal 
ND, RT cancer, no evi- 
dence of disease 
4 S$1,F TINOMO Cura Supraepi Laser Preop (bilat S5y8mo 
RLN palsy) 
5 70,M TIN2bMO Cura Supraepi Laser, unilat 2y7mo Coronary 
ND, RT heart disease 
2y7mo 
6 55,M T2NOMO Cura Supraepi, Laser, unilat 7d i3d Ty 
ary fold ND, RT 
7 51,M T2NOMO Cura Supra+ Laser, bilat 7d 7y limo Lung cancer, 
infra epi ND, RT alive with 2nd 
primary 
8 74,M T2NIMO Pall Infraepi, Laser; re- Decades 4mo Persistent dys- 4y l1 mo Adenocarcino- 
ven fold fused LE, preop phagia, LE ma of subman- 
ND, RT (diphtheria) after 1 y 4 mo dibular gland, 
palatine arch 
cancer, no evi- 
dence of 2nd 
or 3rd primary 
9 66,M T2NOMO Cura Supra+ Laser, RT 5 y8 mo Coronary 
infra epi heart disease 
5y8 mo 
10 76,M T2N1MO Cura Supra+ Laser, unilat Permanent "mo Persistent dys- 7y 
infra epi ; phagia 
Il 63,M T2NIMO Cura Supraepi, Laser, unilat 7d 6 y 3 mo Tongue cancer, 
ary fold ND, RT no evidence of 
2nd primary 
12 63, F T2NOMO Cura Infra epi, Laser, RT 2y Lung cancer, Lung cancer 
ven fold dead of 2nd 2y 
i primary 
13 44,M T2NOMO Cura Supra+ Laser, bilat 22d Hemorrhage 3y7mo 
infra epi ND 
14 71,F T2NQMO Cura Infraepi, Laser, unilat 5d 3 y7 mo 
ven fold ND 
iS 598,M T3NOMO Cura Infraepi, Laser, bilat 6d 4y4mo 
ven fold ND 
16 89,M T3NIMO Pall Epi, vent+ Laser, unilat 5d ly6mo Coronary 
ary fold ND, RT; age heart disease 
ly6mo 
17 53,F T3NOMO Cura Epi, vent+ Laser, unilat 5d 7y7mo Lung Coronary 
ary fold ND heart disease 
7y 7 mo 
18 61,M T3NOMO Pall Infraepi, Laser; 2nd Gd ly7mo Lung cancer Coronary 
ven fold, primary heart disease 
VC ly 7mo 
19 55,M T3NOMO Pall Epi, ven Laser, unilat 15d Hemorrhage, 2y Lung cancer, Lung cancer 
fold, VC ND, RT; re- dysphonia dead of 2nd 2y 
fused LE primary 
20 62,M T3NIMO Cura Epi, ven Laser, unilat 6d 3y8mo Bladder cancer, 
fold, VC ND, RT alive with dis- 
ease 
21 47,M T3N2bMO0 Cura Supra+ Laser, bilat 109d Dysphagia 3y Neck 
infra epi, , 
ven + ary 
fold 
22 45,F T4NIMO Pall Supra+ Laser, unilat 75d 13d Dy Lung, brain 
infra epi, ND, RT; re- 
ven+ary fused LE 
fold 
23 65,M T4NOMO Pall Supra+ Laser, RT; id  Dysphonia 3y4mo Lung, brain, Distant metas- 
infra epi, refused LE death after tases 3 y 4 mo 
BOT 3 y4mo 
24 67,M TA4NOMO Cura Supra+ Laser, bilat lid 3y3mo Coronary 
infra epi, ND, RT heart disease 
BOT 3 y 3 mo 


Cura — curative, supra epi — suprahyoid epiglottis, ND — neck dissection, RT —- radiotherapy, pall — palliative, RLN — recurrent laryngeal nerve, ary fold — 
aryepiglottic fold, infra epi — infrahyoid epiglottis, ven fold — ventricular fold, LE — laryngectomy, epi — epiglottis, VC — vocal cord, BOT — base of tongue. 


removal of the local tumor. In 24 patients, radiother- 
apy was applied. The dosage was 54 Gy for the lym- 
phatics and 60 Gy for the primary. The indications 


for postoperative radiotherapy were histologically 
positive lymph nodes in 12 patients, positive tumor 
margins in 2 patients (Nos. 6 and 7), and tumor size 


Therapy; 
Reason for Naso- 
Pt Age, TNM; Tumor Palliative gastric Compli- 
No. Sex Intention Location Treatment Tracheotomy Tube cations 
25 56, F T2NOMO; Supra epi, Laser 
curative ary fold 
26 81,M T2N2bM0; Supra + Laser, RT; 
palliative infraepi refused LE 
27 61,M T2N2cM0; Supra + Laser, bilat 24d 3d RT inter- 
curative infraepi ND, RT rupted 
28 78,M T3NOMO;, Epi, ary + Laser, RT, 
palliative ven fold poor medi- 
cal status 
29 61,M T3N1IM0; Epi, preepi Laser, bilat 9mo 43d 
curative space 'ND, RT 
30 46,M T4NIMO; Epi, DOT Laser, RT lid RT inter- 
curative rupted 
31 60,M T4N2cM0; Epi, BOT Laser, bilat 4d 
palliative ND, RT; 
tumor size 
32 52,M T4NOMO; Epi, BOT, Laser, RT; 13d 
palliative ary+ven refused LE 
foid 
_ 33 49,M T4N3M0; Epi, BOT Laser. poor Permanent 8d Pneu- 
palliative . medical 5 d after monia 
status therapy 
34 54,M T4NIMO; Epi, BOT "Laser, bilat 2mo Hemor- 
curative ND rhage 
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= 
TABLE 2. CHARACTERISTICS AND OUTCOME OF 10 PATIENTS WITH LOCAL RECURRENCE 


821 
Ist 2nd 
, Recurrence Recurrence 
Follow- and and 2nd 
up Therapy Therapy Primary Outcome 
3yi mo Epi I y; laser, Esoph DO 2nd tumor, NE 
RT cancer, of disease 2 y 1 mo 
DO 2nd after recurrence 
primary 
2 mo Lung DO lymph node 
cancer metastases 2 mo 
after therapy, resid- 
ual disease 
2y¥10mo Epi, ary fold BOT 7 mo DO primary 6 mo 
1 y 9 mo; LE after recurrence 
ly Residual DO primary 3 mo 
larynx 9 mo; after recurrence 
LE 
ly&8mo Residual BOT 8 mo; DO primary 3 mo 
larynx 9 mo; chemo after recurrence 
LE 
ly9mo  BOTIy3 DO lymph node 
mo; laser* metastases 6 mo 
after primary 
recurrence 
2ylmo Residual Lung DO primary 1 mo 
larynx 2 y; cancer, after recurrence 
LE NE of 
2nd 
primary 
10 mo BOT 8 mo DO heart disease 2 
mo after recurrence 
1 mo DO lymph node 
metastases 1 mo 
after therapy, resid- 
i ual disease 
3y3mo BOT, HP BOT, tonsil Alive with disease 
8 mo; LE,RT 1y4mo; 15 mo after recur- 
chemo rence 


Supra epi -— suprahyoid epiglottis, ary fold — aryepiglottic fold, epi — epiglottis, RT — radiotherapy, DO — dead of, NE — no evidence, infra epi — infrahyoid 
epiglottis, LE — laryngectomy, ND — neck dissection, BOT — base of tongue, ven fold — ventricular fold, HP — hypopharynx. 


*Had metastatic recurrence in neck at 1 y 5 mo. 


in 7 patients. In 3 patients, postoperative radiotherapy 
was applied instead of an elective neck dissection. 


Intraoperative tracheostomy was applied in only 
6 patients. One patient had to be tracheostomized 5 
days after surgery due to pneumonia. An additional 
2 patients had received a tracheostomy many years 
before: 1 for a postdiphtheric laryngeal stenosis in 
childhood, and the other for bilateral recurrent laryn- 
geal nerve paralysis following thyroidectomy. A na- 
sogastric tube was placed in 26 patients. 


Operative Technique of Transoral Supraglottic 
Partial Laryngectomy. The operative procedures were 
performed under general anesthesia in orotracheal 
intubation. Closed laryngoscopes are not suitable for 
procedures in the supraglottic region. Spreadable 
endoscopes are necessary. We have modified the 
spreadable laryngoscope described by Weerda into 
= a so-called supraglottiscope.>* The endoscopes are 

equipped with suction tubes to evacuate the laser 
plume. Suction tubes were also added to the micro- 
surgical forceps and graspers.? Modern micromanip- 
ulators with a spot size of 0.25 to 0.3 mm should be 


used with the carbon dioxide (CO2) laser. The laser 
is only used as a cutting instrument, and not for va- 
porization of tumor. In using the continuous wave 
mode with a laser power of | to 2 W, the tissue can 
be divided layer by layer, as if a scalpel were used. 
The zone of coagulation at the border of the incision 
measures only 0.5 mm. The pathologist can evaluate 
the borders of the resection almost as well as if a 
scalpel were used. 


Smaller tumors of the border of the epiglottis and 
tumors of the aryepiglottic fold are excised with the 
laser with a safety margin of at least 1 cm as an exci- 
sional biopsy (Fig 1). In cases of larger tumors of 
the suprahyoid epiglottis, the resection is facilitated 
by dividing the epiglottis3-8 (Fig 2). Tumors extend- 
ing over the midline are also divided by this incision. 
From the classic oncosurgical point of view, this is 
an unusual approach. It is only possible due to the 
cutting characteristics of the CO2 laser. The resection 
of tumors extending toward the infrahyoid epiglottis 
must include the preepiglottic space (Fig 3). In these 
tumors, we also start with a vertical division of the 
epiglottis. The next incision is guided along the val- 


822 Rudert et al, Laser Surgery of Supraglottic Cancer 


TABLE 3. TN CLASSIFICATION OF ALL PATIENTS 


Tl T2 T3 T4 
NO 2 l 5 3 17 
N1 2 3 3 3 11 
N2a 
N2b j} 1 1l 3 
N2c 1 I 2 
N3 l 1 
5 12 9 8 34 


All patients were MO. 


leculae until the hyoid is reached and then exposed. 
The incision goes caudally from the hyoid toward 
the hyothyroid membrane until the upper border of 
the thyroid cartilage is reached. From this point, the 
complete preepiglottic space is removed along the 
inner surface of the lamina of the thyroid cartilage, 
toward the anterior commissure of the vocal cords. 
False vocal cord tumors can also be resected trans- 
orally with the same technique. The false vocal cord 
can then be completely dissected from the thyroid 
cartilage along its inner surface, toward the sinus of 
Morgagni. 


RESULTS 


Local Control. No recurrence was observed in 24 
patients (Table 1), including 7 of 12 patients treated 
with palliative intention. Local recurrence was found 
in 10 patients (Table 2), 5 of whom were initially 
treated with palliative intention. 


Analysis With Regard to T Category. All 5 patients 
with T1 tumors (100%) remained free of local recur- 
rence. Of this subgroup, 2 (40%) eventually incurred 
secondary malignancies. But no regional or distant 
metastasis was noticed in the follow-up. 


Three (25%) of 12 patients with T2 tumors suf- 
fered from local recurrence. One of these patients 
(No. 25) was treated by laser surgery for his recur- 
rence. He remained free of recurrence and died of a 
second primary tumor 25 months later. One patient 
(No. 26) was never free of tumor and died of lymph 
node metastases 2 months after radiotherapy. The 
third patient (No. 27) died 6 months after brachy- 
therapy, of his second recurrence. Thus, only 1 of 





Fig 1. Laser resection lines of small carcinomas of border 
of epiglottis (A) and of aryepiglottic fold (B). 


the 12 T2 patients died of his primary tumor. Six 
(50%) suffered from a second primary cancer. Re- 
gional and distant recurrences were not found. 


Two (Nos. 28, 29) of 9 patients (22%) with T3 
tumors suffered from local recurrence. Three (33%) 
patients developed second primaries. One patient 
(11%) developed a pulmonary metastasis, and 1 
(11%) developed a regional recurrence. 


Five (63%) of 8 patients with T4 tumors suffered 
from local recurrence. One patient (12.5%) devel- 
oped a second primary tumor. One patient (12.5%) 
developed lymph node metastasis, and 2 (25%), dis- 
tant metastasis. 


Neck Disease and Distant Metastasis. Four pa- 
tients developed recurrence at the neck or were never 
free of lymph node metastasis. Distant metastasis 
was found in 3 patients and was located in the lung 
in all of them and additionally in the brain in 2. 


Second Primary Cancer. The diagnosis of a se- 
condary malignancy was obtained 13 times in 12 pa- 
tients (35%) at the following locations: lung (6 pa- 
tients), oropharynx (1), tongue (1), esophagus (1), 
prostate (1), bladder (1), and submandibular gland 
(adenocarcinoma; 1). The last patient also suffered 
from a third malignancy, a squamous cell carcinoma 
of the palate. He is now 47 months free of disease. 


Follow-up. The cause of death was unrelated to 


TABLE 4. OUTCOME OF ALL PATIENTS ACCORDING TO TUMOR STAGE 


Dead, Not 
Tumor- 
Stage Patients Recurrence Related 
I 2 

II 7 1 1 
UI 13 2 4 
IN 12 7 3 
34 10 8 


NED -~— no evidence of disease. 


Dead of ` 
Second 
Primary 


Alive 

Dead, Tumor-Related Alive With 
T N M NED Tumor 

2 

4 
2 6 
2 3 1 2 I 
4 3 1 14 l 
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Fig 2. Laser resection lines in advanced carcinomas of 

supraglottis. Epiglottis has to be split in midline. De- 

pending on extent of tumor, ventricular fold and aryepi- 
_ glottic fold region are included in resection. 


the tumor in 8 patients (Tables 4 and 5). Three pa- 
tients died of a second primary cancer, 4 of a recur- 
rent primary, 3 of lymph node metastasis, and 1 of 
distant metastasis. One patient is alive with disease 
39 months after diagnosis. Another patient is alive 
and without evidence of locoregional recurrence but 
with pulmonary and brain metastasis. The survival 
of all patients who did not suffer from recurrence is 
shown in Fig 4. The 3-year overall survival is 62%, 
and the tumor-related survival 80%. Patients with 
TI and T2 tumors have a significantly (p = .0159) 
better overall survival than patients with T3 and T4 
tumors (Fig 5). The prognosis of the NO and N1 cases 
is significantly (p = .02641) better than the one of 
the N2 and N3 cases (Fig 6). The analysis with regard 
to tumor stages revealed a significantly (p = .0216) 
better survival rate for the early stages, I and IJ, than 
for stages HII and IV (5 years overall survival, 77% 
versus 39%). 


Local and Regional Failure in Relation to Adjuvant 
Radiotherapy. There was no obvious difference be- 
tween the patients with, and without adjuvant radio- 
therapy (Table 6). This result is not unexpected, be- 
cause most of the patients with radiotherapy belong 
to a group at higher risk than the patients without 
radiotherapy. The 2 patients (Nos. 6 and 7) who were 
irradiated because of positive margins remained free 
of local and regional recurrence. 


Functional Outcome. The rate of functional prob- 
lems as observed after conventional supraglottic par- 


F 





Fig 3. Laser resection lines (sagittal view). Upper line 
marks resection of suprahyoid tumor; others include pre- 
epiglottic space in case of infrahyoid tumors and tumors 
of ventricular fold. 


tial resection is greatly decreased after transoral laser 
surgery. This is mainly reflected by the low number 
of only 6 tracheostomies after endoscopic proce- 
dures. In 1 patient (No. 33) in poor medical condition, 
a tracheostomy had to be performed 5 days postop- 
eratively due to pneumonia. A nasogastric tube was 
placed in 26 patients. It was removed within 7 days 
in 14 patients and within 22 days in 7 more patients. 
In 5 patients, it was necessary to continue nasogastric 
tube feedings for more than 3 weeks. Two patients 
had received a tracheostomy years earlier for other 
reasons and kept it postoperatively. However, the pa- 
tient with the postdiphtheric laryngeal stenosis com- 
plained of increased dysphagia after the laser surgical 
tumor resection and therefore underwent laryngec- 
tomy 16 months later. 


Complications. Major hemorrhage occurred intra- 
operatively in 1 case and postoperatively in 2. All 
were treated by electrocautery. One patient in poor 
medical condition (No. 33) postoperatively suffered 
of pneumonia. 


TABLE 5. OUTCOME OF ALL PATIENTS ACCORDING TO T CLASSIFICATION 


Dead, Not 

. Tumor- 
T Patients Recurrence Related 
1 5 2 
2 12 3 ] 
3 9 2 3 
4 8 5 2 

34 10 8 


Dead of 
Second 
Primary 


Alive 

Dead, Tumor-Related Alive With 
T N M NED Tumor 

3 
1 1 7 
2 3 
H 2 I 1 H 
4 3 1 14 l 
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Fig 4. Survival times of 24 patients without local recurrence. 


DISCUSSION 


Transoral laser surgical horizontal partial resection 
of supraglottic carcinomas is a therapeutic modality 
that has yet to find its position in the treatment of 
cancer of the supraglottic larynx. Reports of success 
for this technique were published by Davis et al?! 
and Zeitels et al!2-!4 in the United States and by Stei- 
ner et al,!5-17 Eckel et al,}819 Rudert,*7 and Rudert 
and Werner, in Europe. The superior functional 
results of the transoral method are undoubtedly the 
lower morbidity and the reduced tendency toward 
aspiration. Chronic aspiration is observed in 40% to 


Overall Survivorship Function 
(Tit2 versus T3+4) 


Proportion Surviving 


Survival Time Months? 





70%?! of patients following conventional open par- 
tial resection. This rate also depends on the age of 
the patients. In our patient population, only 6 patients 
required tracheostomy, and a 76-year-old patient was 
not decannulated at his own request. We no longer 
respect an age limit for this procedure, unless ad- 
vanced age is associated with poor medical condition. 


The comparison of the oncological outcome of our 
patients with the results of other authors is difficult, 
due to the difference in the patient population and in 
the tumor stages. Our patient population included a 
high number (50%) of advanced T3 and T4 tumors, 


Fig 5. Overall survival of patients 
with T1 and T2 tumors versus T3 
and T4 tumors (p = .0159). 
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Fig 6. Overall survival of patients 
with NO and N1 cases versus N2 
and N3 cases (p = .02641). 


Proportion Surviving 


H 12 


and 12 cases were initially treated palliatively. Taking 
this into consideration, a tumor-related 3-year sur- 
vival of 80% for the entire patient population is an 
acceptable result. Patients with T1 and T2 carcinomas 
have a significantly better prognosis than patients 
with T3 and T4 tumors (Fig 5). Analysis with regard 
to lymph node metastasis revealed that patients with 
N2 and N3 disease in comparison to patients with 
NO and N1 disease have a very low chance for cure 
(Fig 6). Our current therapy includes an elective or 
curative neck dissection for all T2, T3, and T4 tu- 
mors. The analysis of tumor stages (Table 4) dem- 
onstrated best results for the 9 patients in stage I or 
IJ. Local recurrence was only found in 1 patient 
(No. 25) and was treated successfully by another la- 
ser surgical procedure. Of this group, no patient died 
of the tumor. Eckel! and Ambrosch et al?2 recently 
published comparable results. These results are also 
comparable to the outcome of open partial resec- 
tions.2-23-25 The outcome of the 25 patients with stage 
II or IV disease was significantly worse than for 
the stage I and II group. Regional or distant metas- 
tasis or second carcinomas were found in 56%. In 
this group, only patients with NO or N1 neck disease 


TABLE 6. LOCAL AND REGICNAL FAILURE IN 
RELATION TO ADJUVANT RADIOTHERAPY 


No Local and 
Adjuvant Local or Local Regional Regional 
Radio- Regional Recur-  Recur- Recur- 
therapy Recurrence rence rence rence Total 
Yes 16 6 1 l 24 
No q 2 H 10 


23 8 l 2 34 


i 


Overalt Survivorship Function 
(N@+1 versus N2+3) 





24 36 48 68 72 


Survival Time (Months) 


had a solid chance for cure. 


Twelve of 25 patients with stage II or IV disease 
were treated palliatively with the laser, due to poor 
medical condition or advanced age, to avoid trache- 
ostomy, or for refusal of laryngectomy (6 patients). 
Our analysis shows that it is these patients in partic- 
ular who benefited from the transoral laser surgical 
technique. Some of them survived for a considerable 
time without local recurrence and without tracheos- 
tomy or problems with aspiration or swallowing and 
kept their voice. In earlier years these patients would 
have been treated by tracheostomy and possibly pal- 
liative radiotherapy. The decision for the organ-pre- 
serving transoral technique in selected advanced but - 
technically laser surgical—resectable carcinomas is 
supported by the analysis of the complete follow-up 
of all patients, even though in early stages, radio- 
therapy might produce a comparable result.2°2? The 
evaluation shows that only 4 of all 34 patients died 
of the local recurrence itself. This outcome in par- 
ticular allows us to choose the surgical method that 
has the lowest morbidity and minimizes functional 
problems, ie, the transoral laser surgical method. 


The transoral laser resection of these carcinomas 
requires certain techniques that seem to contradict 
classic rules of oncological surgery but are possible 
due to the cutting characteristics of the CO2 laser. 
Advanced tumors have to be divided and removed 
in 2 or more pieces. It is possible to do this relatively 
safely because of the hemostatic effect of the laser, 
which allows for the detection of the border between 
tumor and healthy tissue with the operating micro- 
scope. The resection has to include the preepiglottic 
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space if the infrahyoid epiglottis is involved, and the 
preepiglottic space plus the paraglottic space if the 
false vocal cord is involved. Studies of Kirchner and 
Carter, 28 Sato et al,2? and Reidenbach?03! have prov- 
en fibroelastic membranes that limit the central pre- 
epiglottic space and pose resistance to the tumor 
growth. Also, tumors growing through foramina of 
the epiglottic cartilage are enclosed by some sort of 
pseudocapsule.3* The lateral region of the preepi- 
glottic space, on the other hand, lacks complete an- 
atomic borders. Tumors in this location encircle the 
dorsal end of the ventricle and from there grow into 
the paraglottic space and into the muscles of the vocal 
Cord. 272 One has to agree with Kirchner’? that T3 tu- 
mors of the described category have to be approached 
differently than T3 tumors of the epiglottis growing 
into the central preepiglottic space. The latter are suit- 
able for a supraglottic partial resection, whereas the 
former are not, or are only rarely. 


CONCLUSIONS 


Carcinoma of the categories T1 and T2, as well as 
T3 tumors growing into the central portion of the 
preepiglottic space, are suitable for transoral laser 
surgical resection as long as adequate resection tech- 
niques are applied. It is mandatory that the lymphatic 


system of the neck be included in the therapeutic 
regimen in the same way as in open partial resection. 
In NO cases, an elective lateral neck dissection must 
be applied, and in N+ cases, a curative neck dissec- 
tion (usually a modified radical neck dissection) is 
necessary. In midline cases, the neck dissections are 
performed bilaterally. In pN+ cases and in cases in 
which the specimen of the primary tumor has positive 
margins, postoperative radiotherapy should be ap- 
plied in addition. 


The poor prognosis of advanced supraglottic car- 
cinomas is much more influenced by metastasis and 
second primary cancer than by local recurrences. The 
transoral resection technique could therefore be an 
alternative to tracheostomy and palliative radiother- 
apy, in particular in patients not eligible for laryn- 
gectomy due to advanced tumor stage. The same is 
true for patients suffering from advanced age and 
poor medical condition, and for patients who refuse 
a laryngectomy. Palliative laser surgical resection can 
be performed also on patients with tumors blocking 
the airways, to avoid emergency tracheostomies or 
emergency laryngectomy. In these cases, laryngec- 
tomies can be performed without impairment by a 


- tracheostoma. 
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MANAGEMENT OF THE NECK. IN CANCER OF THE LARYNX 
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In the Department of Otolaryngology at the University of Pittsburgh School of Medicine, cancer of the larynx is usually treated 
by primary surgery. Radiotherapy is used as adjuvant treatment in certain patients who have cancer that has adverse histologic 
features such as perineural, vascular, and/or cartilage invasion. With this approach, patients rarely develop local recurrence. Patient 
survival is therefore unlikely to be improved by changes to the management of the primary tumor. Survival may, however, be 
improved by reducing the incidence of recurrence in the neck, as well as distant. Hence, we have adopted an aggressive surgical 
approach to the cN+ as well as the NO neck. The theoretical basis for this aggressive surgical approach to the neck will be considered 
under the following headings: staging, regional control, distant metastasis, survival, choice of neck dissection, and the pathologically 


positive elective neck dissection. 


KEY WORDS — head and neck neoplasms, laryngeal neoplasms, lymphatic metastasis, neck dissection, squamous cell carci- 


noma, staging. 


STAGING 


It is reasonable to assume that occult nodal metas- 
tasis will become clinically apparent if left untreated, 
as the incidence of histologically positive nodes in 
electively treated necks corresponds with the nodal 
conversion rate of untreated NO necks.! Understag- 
ing, and consequently undertreatment, of the occult 
positive neck is therefore likely to adversely affect 
regional control and survival. The central issue per- 
taining to the various staging modalities is the sensi- 
tivity, or false-negative rate, in the NO neck. Specific- 
ity only assumes importance when the treatment of 
the false-positive neck has significant associated mor- 
bidity. 

Twelve percent of tumor-positive neck dissections 
contain only micrometastases?; of clinically NO necks 
with occult metastases, 25% contain only microme- 
tastases.> Current preoperative staging modalities for 
the NO neck are therefore unable to exceed a sensi- 
tivity of 75% without sacrificing specificity.’ 


Computed tomography (CT) scanning, magnetic 
resonance imaging (MRI), and ultrasound rely princi- 
pally on nodal size as a criterion for malignancy. 
There is, however, a trade-off between sensitivity and 
specificity when nodal diameter is used to stage the 
NO neck. The smaller the minimum nodal diameter 
used as a criterion for malignancy, the greater the 
sensitivity, but the lower the specificity, and vice ver- 
sa. Most authorities recommend a minimum nodal 
size criterion for malignancy of 10 mm.‘ Yet the great 


majority of lymph node metastases in the NO neck 
are smaller than 10 mm in diameter,* and nonmalig- 
nant nodes may vary in size between 2 mm and 2 
cm.° Although 74% of lymph node metastases have 
central necrosis, this percentage is much reduced with 
smaller nodes found in the NO oeck 3 


Ultrasound-guided fine needle aspiration cytology 
(USGFNAC) has overcome the problems relating to 
specificity associated with CT, MRI, and ultrasound. 
It has a reported specificity approaching 100%.° Yet, 
the sensitivity of USGFNAC in the NO neck ranges 
between 44% and 73%.3 Van den Brekel et al’ re- 
ported an 18% failure rate in the neck, with a 71% 
salvage rate, for early oral cavity carcinomas initially 
staged and followed by USGFNAC. Elective neck 
dissection might well have avoided these failures, 
and improved overall outcome. 


Extracapsular spread (ECS) is an important prog- 
nostic indicator of regional and distant failure and 
survival.8-!! It is important to identify patients with 
ECS, as they appear to benefit from adjuvant irradi- 
ation and chemotherapy. !:!%-16 Extracapsular spread 
occurs in 23% of metastatic nodes <10 mm in diame- 
ter.8 Were reliance placed on imaging alone to stage 
the NO neck, then a significant number of patients 
with ECS would remain untreated until cervical me- 
tastasis becomes clinically apparent. 


Because of these limitations of imaging, we advo- 
cate the use of elective neck dissection in combina- 
tion with intraoperative and pathological evaluation 
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to stage and plan the treatment of the NO neck. 


Intraoperative diagnosis of occult metastasis in the 
clinically NO neck has a sensitivity of 44% and a spec- 
ificity of 63% when reliance is placed on the sur- 
geon’s ability to evaluate lymph nodes by inspec- 
tion and palpation only. Frozen section diagnosis of 
malignancy has a sensitivity and specificity of 100% 
per suspicious node. In NO necks judged by the sur- 
geon to harbor occult metastasis, frozen section has 
a sensitivity of 71%, a specificity of 100%, and an 
accuracy of 92.3% per neck II It has been our prac- 
tice to sample suspicious nodes discovered at the time 
of elective neck dissection, and to submit the nodes 
for frozen section. If metastasis is diagnosed by fro- 
zen section, then the staging neck dissection is con- 
verted to a therapeutic neck dissection, usually modi- 
fied radical neck dissection type 1. 


Surgical staging therefore has a number of bene- 
fits. The risk of understaging the NO neck is mini- 
mized. Patients with ECS, who are at high risk for 
recurrent cancer and often bénefit from adjuvant ir- 
radiation and chemotherapy, can be identified. The 
use of chemoradiation therapy is reserved for the ECS 
group, and is therefore used sparingly, appropriately, 
and effectively. Patients with more than 2 nodes with- 
out ECS are also offered adjunctive radiotherapy. 


REGIONAL CONTROL 


There are a number of reports of significant im- 
provement in regional control if the NO neck is treated 
by elective neck dissection with or without adjuvant 
irradiation, as opposed'to watchful waiting. 18-22 


It has been proposed that elective neck dissection 
be performed only if the risk of occult metastasis 
exceeds 15% to 30%.!5.22-24 Corrected for pathologi- 
cal understaging (7.5%), 23% to 38% of patients 
treated by watchful waiting might ultimately fail in 
the neck if such a management policy were to be 
followed. Only 11% to 56% of patients managed by 
watchful waiting and that subsequently fail in the 
neck are successfully salvaged.74:2°28 We therefore 
consider the above-mentioned thresholds for elec- 
tive neck dissection to be unacceptably high. 


Extracapsular spread is associated with increased 
risk of regional failure.?:2? The incidence of ECS cor- 
relates with nodal size, and occurs with 23% of nodes 
<1 cm, 44% of nodes 1 to 2 cm, 53% of nodes 2 to 3 
cm, and 74% of nodes >3 cm.’ Small metastatic 
nodes without ECS, if left untreated, will increase in 
size and may subsequently manifest ECS. By inter- 
vening early in the course of the disease, elective 
neck dissection may theoretically prevent this pro- 
gression to ECS. Adjuvant radiotherapy, and possi- 


H 


ef ZS 


829 


bly chemotherapy, improves regional control in pa- 
tients with ECS.1:!2,14-16 Elective neck dissection per- 
mits earlier detection of patients with ECS who may 
benefit from adjuvant therapy. 


Said somewhat differently, while watchful wait- 
ing will detect many patients who are operable, some 
will present with inoperable neck disease.30 Many 
of the operable group will be incurable because of 
extensive ECS at presentation. Not doing an elec- 
tive neck dissection therefore may deprive some of 
these patients of the opportunity to be cured. 


DISTANT METASTASIS 


The incidence of distant metastasis is related to 
tumor burden in the neck, !:8:3!,32 the duration of nodal 
metastasis,°3 the number? and level2*.3! of nodal me- 
tastases, and the presence of ECS.8-34 Metastasis to 
lymph nodes generally first involves the primary and 
secondary echelons, and then spreads down the neck 
toward the superior mediastinum.? Elective neck dis- 
section should reduce the risk of distant metastasis 
by minimizing tumor burden, restricting the dura- 
tion of metastasis, and reducing the number of nodes, 
and has been shown to reduce the likelihood of in- 
volvement of the lower levels of the oeck 20 


We reported the use of chemoradiation in patients 
with ECS. Despite the nonrandomized nature of the 
study, it would appear that chemoradiation did im- 
prove patient outcome.!® Elective neck dissection 
permits the early identification of such patients with 
ECS who may benefit from chemoradiation. 


SURVIVAL 


From the preceding discussion, it is reasonable to 
assume that an aggressive surgical approach to the 
NO neck should not only increase the disease-free 
interval, but also improve disease-specific survival. 


Two prospective randomized studies of elective 
neck dissection versus watchful waiting in NO squa- 
mous carcinoma of the head and neck reported no 
significant difference in survival.35-36 Neither study, 
however, had adequate power to detect a significant 
difference in outcome.?3.37 In the study by Vanden- 
brouck et al 28 45% of deaths were unrelated to re- 
gional failure. The study by Fakih et al?5 did not con- 
trol for ECS, tumor margins, or contralateral regional 
failure, and median follow-up was only 20 months. 
Although the survival benefit of elective neck dis- 
section, as opposed to watchful waiting, for head and 
neck squamous carcinoma has not been proven in a 
properly designed study, Lydiatt et al>® reported a 
survival benefit for elective neck dissection in a non- 
randomized study of carcinoma of the oral tongue. 
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TABLE 1. INCIDENCE OF OCCULT IPSILATERAL 
NODAL METASTASIS ACCORDING TO TUMOR 


SITE 
UPMC 
Studies Other Studies 
Glottic (T3/4) 9% to 3% to 36%13,22,39 
10.4%34.36 
Transglottic (FVC 
and glottis) 12%*6 11%22.47 
Supraglottic 41%!5 16% to 43%13.22,39,42,48,49 
Subglottic 65% 


Pyriform fossa 38% to 56%!3:22,51 


UPMC — University of Pittsburgh Medical Center, FVC — false 
vocal cord. 


CHOICE OF NECK DISSECTION 


The decision whether to perform selective or com- 
prehensive neck dissection, and whether to perform 
ipsilateral or bilateral neck dissection, is determined 
principally by tumor site, extent, and intraoperative 
staging. 


Laryngeal carcinoma rarely metastasizes to level 
[13,39-42 or level V.39-42-44 Selective neck dissection, 
with sparing of levels I and V, is therefore an appro- 
priate staging and therapeutic measure if performed 
when occult metastasis, if at all present, is likely to 
be confined to the first-echelon nodes. Should there 
be evidence of nodal metastasis at the time of selec- 
tive neck dissection, then there is an increased like- 
lihood of involvement of levels [42-45 and V,39:42.43,45 
and a comprehensive neck dissection should be per- 
formed. 


Table 113,15,22,34,36,39.42,46-51 summarizes the re- 
ported incidence of occult tpsilateral lymph node me- 
tastasis in accordance with the location of the laryn- 
geal tumor. On the basis of these data, we recom- 
mend elective ipsilateral selective neck dissection 
(levels II through IV) with supraglottic, transglottic, 
and advanced glottic carcinoma. Level VI (includ- 
ing thyroid lobectomy) is routinely dissected with 
glottic and subglottic carcinoma. 


The subglottis drains principally to the paratrache- 


TABLE 2. INCIDENCE OF OCCULT CONTRALATERAL 
NODAL METASTASIS ACCORDING TO TUMOR SITE 


UPMC Other 
Studies Studies 
Glottic (T3/4) 1% to 2%27,56 
Transglottic (FVC 
and glottis) 5%*! 
Supraglottic 17%9! 13% to 30%2749 
Medial wall of 
pyriform fossa 14%19 
Lateral wall of 
pyriform fossa 5%19 


TABLE 3. CHOICE OF ELECTIVE NECK DISSECTION 


Ipsilateral Contralateral 
Neck Neck 

Giottic (T3/4) II-IV, VI 
Transglottic (FVC 

and glottis) I-IV, VI 
Supraglottic I-IV II-IV 
Subglottic ILIV, VI VI 
Medial wall of 

pyriform fossa I-IV, VI I-IV 
Intraoperative N+ 

staging MND/RND MND/RND 


MND — modified neck dissection, RND —— radical neck dissection. 


al, pretracheal, and prelaryngeal lymphatics.°9>2 Car- 
cinoma of the subglottis has a 65% incidence of oc- 
cult paratracheal nodal metastasis,°° and may involve 
the thyroid gland by direct extension and/or by lym- 
phatic spread.°? Inadequate treatment of the paratra- 
cheal lymphatics and the thyroid gland is the princi- 
pal reason for the association of subglottic carcinoma 
with peristomal recurrence.°3-> It has therefore been 
proposed that management of carcinoma of the sub- 
glottis should include dissection of level VI, a total 
thyroidectomy, and adjuvant radiotherapy to the low- 
er neck and superior mediastinum.°2-3.9° 


Elective dissection of the contralateral neck is gov- 
erned by tumor site (Table 219-27,49,56,57), Carcinoma 
of the glottis?”°° uncommonly metastasizes to the 
contralateral neck, and does not require contralater- 
al neck dissection. An exception to this policy is tu- 
mor extension through the paraglottic space to in- 
volve the medial wall of the pyriform fossa, as tu- 
mors involving the medial wall of the pyriform fossa 
have a propensity for bilateral lymphatic metasta- 
sis.!9 Tumors involving the supraglottis similarly re- 
quire bilateral elective neck dissections?’>’ (levels 


`- H through IV; Table 3). 


PATHOLOGICALLY POSITIVE ELECTIVE NECK 
DISSECTIONS 


When nodal metastasis is detected on routine path- 
ological examination of a selective neck dissection 
specimen, the surgeon has the following therapeutic 
options: 1) completion neck dissection, 2) adjuvant 
irradiation and/or chemotherapy, and 3) watchful wait- 
ing. 


The success of salvage neck dissection depends 
on the mobility of the nodal recurrences. Surgical sal- 
vage is therefore rarely successful with regional fail- 
ure following radical neck dissection.?>8 Good sal- 
vage rates can, however, be expected following neck 
dissection for recurrences within levels not previous- 
ly dissected.58 


} 
1 


Myers & Fagan, Neck in Laryngeal Cancer 831 


Factors that may influence the indications for and 
choice of additional therapy include the number and 
distribution of nodal metastases, ECS, and the need 
for adjuvant therapy to the primary tumor bed. We 
have previously reported that the presence or absence 
of nodal metastasis, in the absence of ECS, does not 
affect the outcome of patients treated with neck dis- 
section.!%29 We generally would not give adjuvant 
therapy to patients who have occult metastasis in an 
elective neck dissection specimen, unless there is ex- 
tensive nodal metastasis approaching the perimeter 
of the dissection, or ECS, or if the patient requires 


adjuvant radiotherapy for the laryngeal primary tu- 
mor. 


t 


CONCLUSIONS 


An aggressive surgical approach to the neck in la- 
ryngeéal carcinoma has a number of potential bene- 
fits. It ensures accurate staging and improves regional 
control. By improving regional control and by permit- 
ting early identification of patients who may benefit 
from adjuvant therapy, this approach should reduce 
the incidence of distant metastasis and improve sur- 
vival. 
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Despite many operative procedures focused on vocal fold lateralization, none has achieved an acceptable level of dependability. 
Bilateral vocal fold abductor paralysis is treated by arytenoidectomy, cordotomy, suture lateralization, or partial cordectomy. Trache- 
otomy remains the gold standard for maximizing the airway and preserving phonatory function. We have developed a device that is 
minimally invasive, tunable, and reversible, with the potential for lateralization or medialization of the vocal process. The device 
consists of a polyethylene collar, a Vitallium cam, and a double-helix core for engaging soft tissue. It is introduced through a circular 
opening in the thyroid cartilage by a modified thyroplasty approach. Both the first and second iterations of this device have been 
evaluated for clinical effectiveness in 9 sheep by means of photographic and video documentation. Effectiveness in humans is 
currently being assessed. The results of the animal study permit us to have substantial optimism with respect to the clinical applica- 
tion of this device. 


KEY WORDS — bilateral abductor paralysis, lateralization. 


PROBLEM 


A patient with an inability to lateralize both vocal 
folds is in a precarious position with respect to the 
airway, even though the voice may be minimally im- 
paired, Most patients who have irreversible abduc- 


tor paralysis end up having some form of surgical - 


treatment directed toward enhancement of the air- 
way (often with the sacrifice of voicing). 


The gold standard for airway protection is a trache- 
otomy; however, because of the nuisance and incon- 
venience involved with trachectomy tube mainte- 
nance and tracheostoma care, other procedures, di- 
rected more specifically toward the endolarynx, are 
used relatively frequently.!-!! Surgical approaches to 
the arytenoid and vocal fold include arytenoidectomy, 
done endoscopically or through an open approach, 
and partial vocal fold resection. Suture lateralization 
may be performed either openly or endoscopically. 
Often, a microscope is used to enhance visualization 
and the laser is used as an alternative surgical modal- 
ity. All of these procedures create irreversible changes 
in the endolarynx and very frequently reduce the qual- 
ity of the voice. The end results of e surgical pro- 
cedure are never known until all of the tissue heal- 
ing has taken place. Frequently, the lateralized vocal 
fold tends to be medialized again through contrac- 
ture associated with the healing process. 


DESCRIPTION OF DEVICE 


The lateralization device consists of a polyethyl- 
ene collar with medial and lateral flanges, an inner 
cam, and a double-helix screw designed to engage 
soft tissue. Additional instrumentation includes a cir- 
cular punch, a collar forceps, and cam and piston 
drives. 


DESCRIPTION OF PROCEDURE 


Adult sheep were utilized in this study. All ani- 
mals were sedated with an intramuscular combina- 
tion of ketamine hydrochloride (22 mL/kg) and xyla- 
zine (0.2 mg/kg) and anesthetized with halothane- 
oxygen. Supplemental dosages were administered as 
needed to maintain an appropriate level of anesthe- 
sia. 


Under general anesthesia, the anterior neck was 
shaved, prepared, and draped for sterile surgery with 
the head in a neutral position. A transverse incision 
was made at the mid—thyroid ala level. The strap mus- 
cles were incised and reflected laterally. The recur- 
rent laryngeal nerve was identified on the right side, 
divided, and ligated with 3-0 silk sutures. 


A rigid laryngoscope was inserted into the airway 
for direct visualization of the laryngeal structures. 
This maneuver was aided by a 4.0-mm 0° rigid endo- 
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scope with video surveillance. The level of the true 
vocal fold was identified with a 22-gauge needle 
passed through the thyroid cartilage. A 1-cm-diame- 
ter circular window was then created in the thyroid 
cartilage to accommodate the prosthesis. The center 
point of the window was made at the level of the 
true vocal fold approximating the vocal process, de- 
termined during laryngoscopy. The window was cut 
with a 1-cm circular punch, and the thyroid cartilage 
was removed (Fig 1A). The flanged polyethylene col- 
lar was inserted such that the flange was adjacent to 
the outer thyroid lamina. The inner and outer cams 
were then placed within the collar and advanced me- 
dially until fully flush with the collar. The double- 
helix engaging device (inner cam) was advanced with 


Fig 1. Diagrams of procedure. A) Center point of 
window is made at level of true vocal fold approxi- 
mating vocal process. One-centimeter window is 
cut with circular punch, and thyroid cartilage is 
removed. B) Prosthesis snaps into window. Inner 
cam is advanced to vocalis process without pene- 
trating endolarynx. C) Outer cam is backed out to 
lateralize engaging device and true vocal fold. 


a counterclockwise turn to grasp the thyroarytenoid 
tissue lateral to the vocalis process. With endoscopic 
control, the inner cam may be advanced to the vocalis 
process without penetrating the endolarynx (Fig 1B). 
The polyethylene collar was then grasped with the 
collar forceps while the outer cam was backed out, 
lateralizing the engaging device and thus the true vo- 
cal fold (Fig 1C). Vocal fold lateralization was docu- 
mented endoscopically during this procedure. The 
wound was then irrigated and closed with interrupted 
3-0 Vicryl sutures. 


The sheep recovered for 1 week in the animal care 
facility and then were kept at the animal farm for 3 
or 6 months. The animals were then submitted to vid- 


Cummings et al, Lateralization Device 








eoscopy and euthanized. The larynges were harvest- 
ed for histopathologic as well as gross anatomic inter- 
pretation. This study involved lateralization devices 
of 2 separate designs. Phase | incorporated a coil- 
like structure as the inner cam, which proved to be 
minimally effective. The phase 2 prostheses involved 
replacement of the coil with a double-helix screw, 
which proved to be uniformly effective. 


RESULTS 

Phase 1. Five animals were implanted with the 
phase | prosthesis. Three larynges were obtained 3 
months from implantation, and 2 at 6 months. With 
the phase | device, which consisted of a simple coil, 
3 animals developed complications related to the im- 
plant device. At 3 months, endoscopic examination 
prior to laryngectomy demonstrated evidence of an 
endolaryngeal sinus tract in 2 animals. In | animal, 
the device was extruded externally, secondary to in- 
fection. Histologic examination confirmed endola- 
ryngeal fistula formation in 2 animals. There was no 
evidence of endolaryngeal fistula in the animal with 
device extrusion. 


In the 2 animals surviving 6 months after implanta- 
tion, endolaryngeal examination demonstrated later- 
alization of the true vocal fold. There was no evi- 
dence of endolaryngeal fistula, and histologic exami- 
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Fig 2, Photographs of sheep larynx. A.B) Superior (A) and infe- 
rior (B) views of larynx with right vocal fold lateralized. Lar- 
ynx was split posteriorly for visualization, and there was no 
evidence of induced inflammation, C) Right-sided lateral view 
of same larynx with prosthesis in place. 


nation demonstrated minimal inflammation adjacent 
to the implant site, with surrounding fibrosis along 
the coil tract (histopathologic interpretation by W. 
H. Westra). 

Phase 2. Based on the findings in phase |, the en- 
gaging device was designed as a double-helix screw. 
This device prevents the deflection of the coil as the 
tissue 1s engaged, thus providing a precise course 
between the thyroid lamina and the region of the vo- 
calis process. It also provides for a broader implant- 
to-tissue interface. 


In phase 2, 4 animals were impianted with the de- 
vice. All were euthanized after 3 months. At that time. 
each animal was sedated with ketamine and xylazine 
and anesthetized with halothane-oxygen. Direct lar- 
yngoscopy was performed with a rigid laryngoscope 
and a 4.0-mm 0° endoscope with a video system. 
The endotracheal tube was removed over an Eshman 
stylet, and the larynx was visualized during sponta- 
neous respiration. In all 4 animals, the right true vo- 
cal fold (the ipsilateral side) was immobile and later- 
alized. There was no evidence of endolaryngeal trau- 
ma, granulation tissue, or fistula. Palpation of the 
vocalis process revealed that the true vocal fold was 
stable in the lateralized position. Each animal was 
then euthanized with a sodium pentobarbital over- 
dose, and the larynges were excised for gross as well 
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as histopathologic examination. There was no evi- 
dence of infection or inflammation around the im- 
plant site (histopathologic interpretation by W. H. 
Westra). The larynx was split posteriorly for visual- 
ization, and there was no evidence of induced inflam- 
mation (Fig 2). 


DISCUSSION 


At this time, there is no procedure available that 
effectively and reliably allows vocal fold lateraliza- 
tion for the treatment of individuals afflicted with 
bilateral abductor paralysis. Destructive procedures 
such as cordectomy, arytenoidectomy, and cordotomy 
offer adequate results in many cases, leaving the sur- 
geon subjectively confident of the end results. An 
increase in the airway at the true vocal fold level 
may be achieved at the termination of the surgical 
procedure, but establishment of a predictably en- 
larged airway over time remains a more difficult un- 
dertaking. Preservation of phonatory capability and 
avoidance of substantial aspiration remain signifi- 
cant unresolved issues. 


The device described herein potentially provides 
additional benefits in human application: 1) the pro- 
cedure can be performed under local anesthesia with 
visualization through the fiberoptic laryngoscope; 2) 
the placement of the prosthesis and degree of vocal 
fold lateralization can be continuously monitored; 


and 3) the device is tunable with respect to voice 
and airway enhancement. These 3 critical advantages 
speak favorably for the concept. A human study has 


' been initiated to evaluate the effectiveness of this 


prosthesis in the clinical setting. This investigation 
will assess both the feasibility and the long-term ca- 
pability of the device. All patients under investiga- 
tion will have received a prior tracheotomy as treat- 
ment for their bilateral abductor impairment. Device 
success will be defined as decannulation with the 
maintenance of a satisfactory airway and reasonable 
voice. The suitable patient population will be those 
afflicted with bilateral abductor paralysis caused by 
neurologic accidents or disorders, surgical or traumat- 
ic injuries leading to neurologic deficits, or cricoary- 
tenoid ankylosis. 


CONCLUSIONS 


1. There is not, as yet, an effective, minimally in- 
vasive procedure to incrementally lateralize a vocal 
fold in patients with bilateral abductor paralysis. 


2. A double-helix, double-cam stainless steel— 
polyethylene device appears to be effective without 
causing substantial irreversible changes. 


3. Acurrently ongoing human effectiveness study 
will establish the suitability of this concept and pros- 
thesis in the clinical setting. 
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The evaluation of subglottic stenosis has been limited by the lack of standardized methods for determining the cross-sectional 
area and length of the stenotic segment. A rabbit model was used to prospectively evaluate the correlation between computed tomog- 
raphy (CT) and bronchoscopy in the evaluation of this disease. Subglottic stenosis was produced in 39 New Zealand White rabbits by 
a transoral endoscopic technique. The animals were evaluated 3 weeks later with spiral CT, rigid bronchoscopy, and open laryngotra- 
cheal exploration. Spiral CT was performed with the location, degree, and length of subglottic stenosis being determined by a 
blinded observer. Each animal then underwent rigid bronchoscopy and open laryngotracheal exploration for determination of the 
same measurements. Data were analyzed to determine the correlation between the radiographic and surgical techniques in evaluating 
the airway stenosis. With regard to the degree of stenosis, 94% of the rabbits were determined to have CT and bronchoscopic 
measurements that were within 15% (Pearson correlation .94, p < .05). With regard to the length of stenosis, 94% of animals had a 
measurement on CT that was within 2 mm of that observed upon open exploration (Pearson correlation .81, p < .05). The CT 
evaluation of subglottic stenosis correlated well with the currently used method of visual inspection at bronchoscopy in evaluating 
tracheal stenosis in this animal model. These data suggest that CT could serve as a useful adjunct in the evaluation of tracheal 
stenosis, especially when serial examinations are required. 


KEY WORDS — bronchoscopy, computed tomography, evaluation, subglottic stenosis. 


INTRODUCTION system most commonly used is that proposed by Cot- 

The incidence of acquired subglottic stenosis in ` ton et al,!° in which the percentage of perceived ob- 
the pediatric population has risen significantly over struction and the anatomic location of the lesions are 
the past 3 decades. Recent literature suggests an in- determined by endoscopic assessment. Statistical anal- 
cidence of 2.5% in neonates subjected to long-term ysis has demonstrated that this system successfully 
intubation.! Furthermore, 90% of cases of subglot- predicts the prognosis for decannulation, however, 
tic stenosis in children are secondary to endotracheal some feel this method is limited by variations in mea- 
intubation.” surements depending on the position of the broncho- 


scope during photodocumentation.®9.!! Various adap- 
tations to the endoscopic evaluation of subglottic ste- 
nosis have included the use of endoscopic rulers,!? 
balloon-tipped angioplasty catheters,!3 grading sys- 
tems based on endotracheal tube sizes,? and photo- 
metrics. 


Several systems have been proposed for measur- 
ing stenotic lesions, including radiographic studies, 
endoscopy, rhinomanometry,? body plethysmogra- 
phy,* and flow volume loops.> Computed tomogra- 
phy (CT) has proven to be of diagnostic importance 
in children with airway obstruction®; however, many 
question the use of CT in the evaluation of subglot- 


tic stenosis and feel that its role is limited.2.7- The purpose of this study was to evaluate the role 


: of CT and bronchoscopy in the examination of ac- 
Definitive endoscopic evaluation involves rigid quired subglottic stenosis. To achieve this goal, an 
bronchoscopy. The laryngotracheal stenosis grading animal model was developed to permit the evalua- 
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TABLE 1. BRONCHOSCOPY VERSUS COMPUTED 


TOMOGRAPHY 
Correlation Between Modalities Rabbits (N = 39) 
Regarding Percentage of Stenosis No. % 
Within 5% 12 31 
Within 10% 34 87 
Within 15% 37 95 
Within 20% 39 100 


tion of subglottic stenosis comparing spiral CT, rigid 
bronchoscopy, and open laryngotracheal exploration. 
Subsequently, data were analyzed to determine the 
correlation between the radiographic and surgical 
techniques in evaluating tracheal stenosis. 


METHODS 


Subglottic stenosis was produced in 39 New Zea- 
land White rabbits (13 to 15 weeks of age) by a trans- 
oral endoscopic technique. Each animal was anes- 
thetized with an intramuscular injection of ketamine 
hydrochloride (30 mg/kg) and xylazine hydrochlo- 
ride (6 mg/kg). All animals were allowed to breathe 
spontaneously without the use of an artificial airway. 
The rabbit was placed supine with the ears tucked 
and the neck extended. Direct laryngoscopy was per- 
formed and vocal fold spasm was prevented with 
topical lidocaine. A 0° Hopkins rod was passed into 
the airway and the supraglottic, glottic, and subglot- 
tic regions were examined for any preexisting abnor- 
malities. Once these had been excluded, the telescope 
was removed. Depending on the native airway size, 
a 5-, 6-, or 7-mm bur was passed into the subglottic 
region and turned 5 to 6 times in an effort to trauma- 
tize the subglottic lumen at the cricoid level. 


The animals were monitored postoperatively for 
any signs or symptoms of acute respiratory distress, 
mediastinitis, sepsis, or air hunger. Appropriate lodg- 
ing and daily care were provided by certified animal 
caretakers. The animals were evaluated 3 weeks later 
with spiral CT, rigid bronchoscopy, and open laryn- 
gotracheal exploration. Spiral CT was performed on 
contiguous 1-mm-thick sections with 1-mm pitch ex- 
tending from the mandible to the clavicles. The pro- 
tocol required 120 kV (peak), 200 mA, and 0.75 sec- 
ond per slice. The approximate dose of radiation was 
9.15 milligrays to the trachea and 17.4 milligrays to 
the skin. The degree of subglottic stenosis was de- 
termined by measuring the cross-sectional area of 
the stenotic tracheal lumen on axial images at the 
point of maximal stenosis. The cross-sectional area 
of the normal tracheal lumen was determined by mea- 
suring a tracheal section 3 mm below the inferior 
extent of the stenosis. The percentage of stenosis was 
calculated by comparing these two values. The length 
of stenosis was determined by counting the number 


of contiguous axial images demonstrating stenosis. 


Each animal then underwent rigid bronchoscopy 
and open laryngotracheal exploration. A blinded ob- 
server determined the extent of subglottic stenosis 
by specifying the anatomic location, and estimating 
the percent of perceived tracheal stenosis during en- 
doscopy (with the estimation being a multiple of 10). 
The length of the stenotic tracheal segment was de- 
termined with open laryngotracheal exploration. In- 
traoperative and radiographic data were analyzed to 
determine the correlation between the radiographic 
and surgical techniques in evaluating the airway ste- 
nosis. Statistical analysis was performed with the 
Pearson product moment correlation test; p < .05 was 
considered statistically significant. 


RESULTS 


Intraoperative and radiographic measurements of 
the degree of stenosis demonstrated good correla- 
tion (Pearson correlation .94, p < .05). Thirty-one 
percent (12/39) of the rabbits had CT and bronchos- 
copy measurements that were within 5 percentage 
points. Eighty-seven percent (34/39) of measure- 
ments were determined to be within 10 percentage 
points, and 95% (37/39) were determined to be within 
15 percentage points. All rabbits had radiographic 
and intraoperative findings that were within 20 per- 
centage points (Table 1). Seven of 10 animals with 
stenoses between 30% and 50%, 19 of 20 animals 
with stenoses between 51% and 70%, and 8 of 9 ani- 
mals with stenoses between 71% and 100% had de- 
gree measurements that were within 10 percentage 
points. Figures 1 and 2 demonstrate correlation be- 
tween endoscopy and radiographic measurements. 


The length of stenoses ranged from 2 to 5 mm, 
and the findings on CT correlated well with the mea- 
surements made during open laryngotracheal explo- 
ration (Pearson correlation .81, p < .05). Seventy- 
seven percent (30/39) of rabbits had measurements 
that were within | mm, while measurements were 
within 2 mm in 95% of rabbits (37/39). All animals 
had measurements that were within 3 mm (Table 2). 
Finally, 6 of 10 animals with stenoses between 30% 
and 50%, 17 of 20 animals with stenoses between 
51% and 70%, and 7 of 9 animals with stenoses be- 
tween 71% and 100% had length measurements that 
were within 1 mm. 


DISCUSSION 


Numerous methods have been developed to as- 
sess the degree of subglottic stenosis. Radiographic 
studies have included soft tissue x-rays of the neck, 
including lateral and high-kilovoltage anteroposte- 
rior projections; fluoroscopy; and xeroradiography. ’ 
Other proposed methods have included an adapted 
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Fig 1. Views of rabbit tracheas through 0° Hopkins rod endoscope. A) Normal rabbit. B) Rabbit with subglottic stenosis, 


rhinomanometer,? body plethysmography.? and flow 
volume loops. All provide useful information, but 
none has gained widespread acceptance as the most 
reliable modality for objectively measuring the de- 
gree of subglottic stenosis. 


Both flexible and rigid endoscopy have been rec- 
ommended for the endoscopic evaluation of subglot- 
tic stenosis. Flexible fiberoptic endoscopy assesses 
the dynamics of vocal cord function and provides an 
initial impression of subglottic disease. However, for 
a definitive assessment of tracheal stenosis, a child 
must be anesthetized and the airway examined with 
arigid optical telescope.’ The caliber of stenosis has 
been assessed by passing various sizes of broncho- 
scopes through the stenotic lumen and determining 
the ease with which the bronchoscope passes.’ How- 
ever, judging the extent of a stenosis by the external 
diameter of a bronchoscope is open to considerable 


interobserver variatton. PZ In addition, some cases 
of severe stenosis will not allow passage of the small- 
est bronchoscope. Studies indicate that the decision 
to decannulate based on this method is correct only 
64% to 89% of the time." 


The degree of subglottic stenosis can also be de- 
termined by estimating the percentage of subglottic 
lumen compromised by scar tissue through visual in- 
spection; however, this method may also demonstrate 
variation between observers.*”-!! Jones et alë have 
attempted to improve this method with the applica- 
tion of photometrics. By standardizing the distance 
from the objective of the endoscope to the stenotic 
area and graduating the optical field at that distance. 
endoscopic measurements were made of the cross- 
sectional area of a stenotic rubber tube. These au- 
thors found that when measuring the minimum cross- 
sectional area, 3 of 5 observers were significantly 





Fig 2. Axial computed tomograms of rabbit tracheas. A) Normal rabbit. B) Rabbit with subglottic stenosis. 
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TABLE 2. COMPUTED TOMOGRAPHY VERSUS 
BRONCHOSCOPY AND OPEN EXPLORATION 


Correlation Between Modalities Rabbits (N = 39) 


Regarding Length of Stenosis No. % 
Within 1 mm 30 77 
Within 2 mm 37 95 . 
Within 3 mm 39 100 


better at using the photometric method than the bron- 
choscope method.8 Despite these promising results, 
the same results have not been demonstrated in ani- 
mal or clinical studies. Other methods associated with 
endoscopic evaluation of laryngotracheal stenosis 
have included endoscopic rulers, 2 balloon-tipped an- 
gioplasty catheters,!> and grading systems based on 
endotracheal tube sizes.? 


In 1988, the American Society of Pediatric Oto- 
laryngologists adopted a system known as FLECS, 
for function, lumen, extent, consistency, and site of 
laryngotracheal stenosis. Determining the degree of 
stenosis as well as the maturity and consistency of 
the lesion was emphasized. Standard data collection 
forms were distributed to otolaryngologists to guide 
their use of the FLECS system; however, most felt 
that the system was too cumbersome and did not use 
it routinely. As a result, no information has been pub- 
lished that was gained from the use of this system. 


The laryngotracheal stenosis grading system most 
commonly used is that proposed by Cotton)? in 1984, 
with its subsequent modifications by Cotton et all? 
in 1989. The percentage of obstruction and anatomic 
location of the lesions are determined by endoscopic 


assessment, and grades I to IV are assigned. Although ` 


this system is still dependent on subjective interpre- 
tation, statistical analysis has demonstrated that the 
system successfully predicts the prognosis for de- 
cannulation. 


Computed tomography assessment of tracheal anat- 
omy and diameter has proven to be of diagnostic im- 
portance for children with airway obstruction, espe- 
cially when evaluating tracheal compression second- 
ary to an extraluminal mass D In addition, Lee et all" 
demonstrated good correlation between helical CT 
and bronchoscopy in the evaluation of distal tracheo- 
bronchial disease. However, many have felt that the 
use of CT in the diagnostic evaluation of subglottic 
stenosis is limited.27-9 Faw et al}! evaluated the role 
of CT by examining 3 neonatal larynges that had been 
removed at necropsy. They determined that CT pro- 
vided good resolution of soft tissue, cartilage, and the 
airway lumen. Subsequently, 2 neonates with acquired 
subglottic stenosis were studied and radiographic and 
endoscopic examinations demonstrated good corre- 
lation.1! 


Hernandez and Tucker!® evaluated the role of chest 
radiographs, high-kilovoltage films, CT, and bron- 
choscopy in 5 patients with congenital subglottic ste- 
nosis. They noted that CT was superior to bronchos- 
copy in the evaluation of the distal extent of the steno- 
sis in those patients who had such tight stenosis that 
the bronchoscope could not be passed through the 
stenotic lumen. This study also determined that CT 
was useful in ruling out external compression of the 
trachea by a mass or vascular anomaly. 1 


This study was designed to evaluate the correla- 
tion between CT and bronchoscopy in the examina- 
tion of acquired subglottic stenosis. Endoscopic eval- 
uation is recognized as the most commonly used 
method for assessing the extent of subglottic steno- 
sis, especially since the introduction of Cotton’s clas- 
sification system. First of all, endoscopy is helpful 
in looking for any concomitant laryngotracheal dis- 
ease, including dynamic airway lesions and posteri- 
or glottic stenosis. Second, endoscopic evaluation is 
essential in assessment of the consistency of scar tis- 
sue at the stenotic site, differentiating soft, pliable 
tissue from firmly organized scar tissue. The history 
of the injury and the findings at endoscopy are es- 
sential in making this distinction. Finally, endoscopic 
evaluation is necessary to familiarize the surgeon 
with the patient’s airway anatomy prior to any imme- 
diate or future open surgical procedures. Nonethe- 
less, some have questioned the use of these methods 
as the sole instrument in the examination of the air- 
way.®9.1! The degree of perceived stenosis may vary 
depending on the distance between the bronchoscope 
and the lesion. This fact is extremely important when 
photodocumentation is being used to facilitate com- 
munication between different physicians or for com- 
paring changes in a lesion over various time peri- 
ods. Thus, some surgical centers have adopted tech- 
niques such as photometrics, endoscopic rulers, or 
endotracheal tube grading systems in an attempt to 
standardize the measurements made at endoscopy. 


In short, endoscopic evaluation of subglottic steno- 
sis is essential in the initial evaluation of a patient 
with subglottic stenosis in order to assess the consis- 
tency of the scar tissue, to evaluate the airway for 
concomitant disease, and to measure the degree of 
subglottic stenosis. In addition, endoscopy often 
needs to be repeated in the perioperative period in 
patients undergoing laryngotracheal reconstruction. 
Nonetheless, CT may be a useful adjunct to endos- 
copy in documenting changes between serial exami- 
nations, in evaluating the length of severely stenotic 
lesions, and in assessing the airway for decannulation. 
We recognize that CT examination is most plausible 
in patients having a tracheotomy or another form of 
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secured airway. 


CONCLUSION 


The importance of this work 1s that we have dem- 
onstrated, through a controlled, prospective animal 
study, that CT evaluation of subglottic stenosis cor- 





relates with the stenosis found at endoscopy and open 
surgical exploration. Although the clinical applica- 
tion may be limited, spiral CT appears to be a repro- 
ducible, objective method that could serve as a use- 
ful adjunct to bronchoscopy in the evaluation of sub- 
glottic stenosis. 
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PALLIATIVE TREATMENT FOR TRACHEAL STENOSES USING 
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Between September 1992 and March 1998, the self-expandable Gianturco prosthesis was inserted in 23 patients suffering from 
tracheal stenosis. After radial incision and dilation of the stenosis as described by Shapshay, the positioning of the stent was performed 
during an endoscopic procedure under optical control. The prosthesis used was a double-ring stent 50 mm long and 20 mm in 
diameter. The follow-up period ranged between 0.5 and 67 months with an average of 31 + 18 months. Pulmonary function tests 
showed an average improvement of the peak expiratory flow (50%) from preoperative results of 1.06 + 0.60 L/s to short-term 
postoperative results of 2.08 + 0.78 L/s and long-term postoperative results of 2.11 +0.78 L/s. The mean peak inspiratory flow (50%) 
improved from 1.43 + 0.85 L/s to 2.40 + 1.29 L/s at short term and to 2.56 + 1.20 L/s at long term. Eight patients out of the 23 had to 
undergo a second endoscopic procedure: 3 patients for granuloma vaporization; 1 patient to change a malpositioned stent; 2 patients 
to add a second stent because of insufficient tracheal enlargement; and 2 patients to resect mucosal membranes between the 2 stent 
rings and to place a second stent. Optical control of the accurate positioning and use of this model of Gianturco prosthesis helped to 
avoid the severe complications described in the literature (migration, extrusion, fracture, wall erosion, and hemorrhage). The follow- 
up must particularly target the prevention of granulomas. The self-expandable Gianturco prosthesis can be advocated for long-term 
palliative treatment of tracheal stenoses that are inoperable by an external surgical approach. 


KEY WORDS — laser, palliative treatment, stent, tracheal stenosis. 


INTRODUCTION 


The use of stents for endoscopic treatment of tra- 
cheal stenoses has developed during the past 10 
years.! The first stents used were silicone models for 
the palliative treatment of tracheobronchial tumors.” 
Pertaining to that particular indication, many authors ton. 
affirm their choice of such stent models.’ Later, me- 
tallic stents were introduced: the nonexpandable wire 
mesh Strecker stent,* and the titanium alloy nitinol 
stent “with thermal shape memory,” so termed be- 
cause it returns to its shape once cooled.’ Some stents 
are expandable and made of metallic wire, such as 
the Gianturco stent® and the Wall stent.’ Other stents 
are balloon-expanded, such as the Palmaz stent® (also 
made of metallic wire). 


disadvantages: without regular care, granuloma for- 
mation frequently occurs; the stents are difficult to 
withdraw; and the stents cannot be used in the event 
of tumors. Complications have been reported: migra- 
tion,!® rupture,!! and wall! and vessel!3-!4 perfora- 


Freitag et al!> proposed the use of a silicone stent 
in the wall of which are incorporated steel horseshoe- 
shaped struts making the stent more physiological. 
Tsang et al!© proposed combining the Wall stent and 
the silicone stent. Since the publication of their ar- 
ticle, the silicone-covered Wall stent has been devel- 
oped, and it is mainly indicated in cases of tumoral 
stenosis. 


We report our long-term experience in combining 


There are several advantages to metallic wire carbon dioxide (CO2) laser dilation and the Gianturco 


stents’: they can be positioned during an endoscopic 


procedure under general anesthesia or by fluoroscop- 
ic guidance under local anesthesia; they do not im- 
pede the drainage of secretions, because the walls of 
the stent are not solid; and the stents are dynamic 
and imitate tracheal movements. The stents also have 


stent for palliative treatment of tracheal stenoses. 


MATERIALS AND METHODS 


From September 1, 1992, to March 30, 1998, we 
inserted the Gianturco prosthesis in 23 patients suf- 
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TABLE 1. CHARACTERISTICS OF 23 PATIENTS WITH TRACHEAL STEN OSIS TREATED WITH GIANTURCO STENT 


Patient 


No. Sex Age(y) Causes of Stenosis 


l M 54 ‘Tracheotomy 
2 M 74  Tracheotomy 
3 F 68  Tracheotomy 
4 F 59 Radiotherapy 
5 M 68 Prolonged intubation 
6 M 63 ‘Tracheotomy 
7 F 70 ` Prolonged intubation 
8 F 68  Tracheotomy 
9 M 65 Tracheotomy and prolonged intubation 
10 M 65 Prolonged intubation 
11 M 57 Radiotherapy and tracheotomy 
12 F 63 Prolonged intubation 
13 F 72 Prolonged intubation 
14 F 59 Prolonged intubation 
15 M 64  Tracheotomy and prolonged intubation 
16 M 49 Prolonged intubation 
17 M 49 ` Prolonged intubation 
18 M 69 Extrinsic compression 
19 F DI Multiple tracheotomies 
20 F 83 Extrinsic compression 
21 F 67 Prolonged intubation 


22 F 64 
23 M 60 


Prolonged intubation 
Prolonged intubation 


fering from tracheal stenosis (11 women and 12 men; 
Table 1). The patients’ ages ranged between 49 and 
83, with an average of 64 + 5.7 years (median 65). 
The causes of the stenoses were a difficult tracheot- 
omy and/or prolonged intubation, radiotherapy, and 
external compression. All patients would have been 
at high risk of complications if they had undergone 
an external surgical approach, be it resection-an- 
astomosis or tracheoplasty. The first 11 patients were 
already described in our first report on this topic in 
July 1994.17 We therefore continued using the Gian- 
turco stent, which, on the one hand, is self-expandable 
and, on the other hand, is easily placed via an endo- 
scopic approach. Twelve patients were added to the 
list in the following 4 years. Outside of this group 
we also used the Unistent 20/48 Wall stent prosthesis 
for a 60-year-old woman patient suffering from tra- 
cheomalacia and sleep apnea syndrome. In absolute 
values, preoperative pulmonary function tests show 
(Table 2) a mean peak expiratory flow (PEF 50%) of 
1.06 + 0.60 L/s (median 0.85) with a minimum of 
0.22 and a maximum of 2.27; and a mean peak in- 
spiratory flow (PIF 50%) of 1.43 £0.85 L/s (median 
1.08) with a minimum of 0.54 and a maximum of 
3,22. The average preoperative PIF 50%/PEF 50% 


Contraindications for External Surgery 
Hydrocephalus: 
Tracheomalacia, obesity, sleep apnea syndrome 
Tracheomalacia 
Thyroid gland carcinoma treated with radiotherapy 
Aortic aneurysm, tracheomalacia, obesity 
Chronic obstructive lung disease 
Pulmonary tuberculosis 
Major cardiac risk 
Major cardiac risk 
Major cardiac risk 
Laryngeal carcinoma treated with radiotherapy 
Chronic obstructive lung disease 


Major cardiac risk, chronic obstructive lung disease, 
nervous breakdown 


Major cardiac risk, chronic obstructive lung disease, 
diabetes 


Major cardiac risk, chronic obstructive lung disease 
Chronic obstructive lung disease 

Major cardiac risk, obesity 

Major cardiac risk 

Diabetes, obesity, renal insufficiency 


Age, breast cancer, thyroid gland carcinoma, refusal of 
invasive treatment 


Tracheomalacia, chronic respiratory insufficiency, right 
pneumonectomy for tuberculosis 


Cardiopathy 
Refusal for external surgery 


ratio is 1.99 + 3.10 (median 1.31), with a minimum 
of 0.56 and a maximum of 13.91. 


The Gianturco prosthesis used is always the dou- 
ble-ring prosthesis that is 50 mm long and has a 20- 
mm diameter after expansion. Since 1996, we have 
had at our disposal a new model with the rings at- 
tached to each other at the level of each opposite 
fold. Previously, a single bridge attached both rings 
to each other. 


Preoperative assessment continues to be based on 
fiberoptic endoscopy, pulmonary function tests, and 
computed tomography (CT). 


The surgical technique remains the same: the op- 
eration begins with an examination of the trachea 
using a rigid fiberoptic endoscope (Fig 1A). Then a 
bronchoscope that is adapted to CO2 laser surgery 
(Broncholaser, Sharplan Laser Industries) is posi- 
tioned facing the stenosis. Ventilation is ensured by 
a jet ventilation catheter connected to a canal of the 
bronchoscope (AMS-100, Acutronic Medical Sys- 
tems AG, Switzerland). In the case of a fibrous ste- 
nosis, the operation begins with a radial incision as 
described by Shapshay et al,18 in pulsed mode at 10- 
W power. The bronchoscope is then passed through 
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TABLE 2. RESPIRATORY FUNCTIONAL RESULTS 


Peak Expiratory Flow (50%) (L/s) 


Patient No. Preoperative Postoperative Last Control 
l 0.69 2.36 2.81 
2 0.46 1.08 1.50 
3 NP 2.31 3.04 
4 0.78 1.96 253 
5 0.85 EE 0.84 
6 0.22 0.69 NP 
7 NP 1.78 NP 
8 1.60 2.89 2.01 
9 1.60 2.59 2.06 

10 1.09 3.70 3.07 
il 1.30 1.65 TL 
12 0.71 2.55 2.61 
13 0.54 241 NP 
14 0.62 0.96 0.70 
15 NP 1.80 NP 
16 NP 1.57 1.52 
17 2.21 3.04 2.62 
18 1.54 2.84 TL 
19 0.67 NP NP 
20 0.88 1.82 NP 
21* NP NP NP 
22 2.21 2.38 2.16 
23 NP 1.70 NP 


Peak Inspiratory Flow (50%) (L/s) 


Preoperative Postoperative Last Control 
0.75 1.09 3.09 
1.08 1.52 1.41 
NP 3.59 3.28 
0.78 2.20 1.87 
EZE 2.43 1.69 
3.06 1,92 NP 
NP 1.42 NP 
2.10 2.82 2.60 
3.22 7.13 5.91 
1.50 3.30 2.62 
0.92 2.20 TL 
0.95 1.96 1.64 
0.54 2.18 NP 
0.89 1.72 2.19 
NP 3.41 NP 
NP 2.67 2.42 
2.44 1.82 TL 
2.16 2.31 TL 
0.71 NP NP 
0.61 1.47 NP 
NP NP NP 
1.27 2.19 1.96 
NP 1.07 NP 


NP — not performed, TL — total laryngectomy. 
*Maintained tracheostomy. 


the stenosis in order to dilate it (Fig 1B). Dilation is 
assessed as sufficient when a 9-mm-—outer diameter 
bronchoscope can be passed without difficulty. Dila- 
tion can be initiated with a smaller-diameter bron- 
choscope. Afterward, the prosthesis, which is placed 
within the bronchoscope, is pushed with a 460-mm- 
long by 3.5-mm-diameter telescope (Wolf, Knittlin- 
gen, Germany). This telescope allows visual control 
for the correct positioning of the stent (Figs 1C and 
2). 

It is important to ensure that neither dried blood 
nor accumulated secretions, which form during dila- 
tion, soil the lumen of the bronchoscope. Such de- 
posits can considerably interfere with the sliding of 
the prosthesis through the bronchoscope. The release 
of the prosthesis begins at the inferior end of the ste- 
nosis. Then, while the bronchoscope is slowly with- 
drawn, the endoscope maintains the pressure on the 
prosthesis. Adjustments can be made with the help 
of microforceps. If, however, the positioning is inade- 
quate, then the traction movements applied by the 
microforceps will buckle the stent by unfolding the 
metallic wire. The stent must then be entirely re- 
moved by pulling it through the bronchoscope, and 
one must restart the maneuver with a new stent. 


Before surgery, intravenous antibiotic and steroid 


therapy is initiated. Afterward, the treatment is con- 
tinued orally and by aerosols for 5 to 6 days. De- 
pending on postoperative fiberoptic controls, the 
treatment, if necessary, can be prolonged. 


Immediate postoperative controls include pulmo- 
nary function tests as well as neck and chest X-rays 
(Fig 3) to verify the proper position of the prosthesis. 
The prosthesis must not be painful to the patient. The 
patient must be able to breathe and swallow without 
difficulty. If this is not the case, then a malposition 
must be suspected. If, before surgery, the patient is 
tracheotomized, it is preferable not to close the aper- 
ture at the same time as the placement of the stent. 
However, 1 or 2 days is sufficient to make sure that 
the placement is absolutely efficient; and we no long- 
er advocate a 15-day delay. 


RESULTS 


Immediate follow-ups were straightforward for all 
patients (Table 3), an exception being patient 6, who, 
as previously reported, underwent, 15 days after the 
first endoscopy, a change of stent because of a mal- 
position. 


Patients 1, 17, and 23 underwent surgery for gran- 
uloma vaporization. In the case of patients 5 and 14, 
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Fig 1. Endoscopic views. A) Tracheal stenosis. B) Quadrant incision according to Shapshay and bron- 
choscope dilation. C) Gianturco stent in place. D) Fiberscopy after 2 weeks. Stent is partially covered 


by inflammatory tissue. 


a second double-ring prosthesis was positioned be- 
cause of insufficient enlargement. In such cases, the 
second prosthesis is placed within the lumen of the 


~e 


irst prosthesis in order to reinforce expansion. 





Patients 7 and 17 had to undergo laser resection 
of a mucosal membrane that had developed between 


Fig 2. Drawing of stent positioning under visual 
control. 





the 2 rings of the first prosthesis. In patient 7, a single- 
ring prosthesis was placed at the site of the mem- 
brane; patient 17 required the placement of a double- 
ring prosthesis. 





ngectomy 


Foe? ve 


Patients 11 and 18 underwent total lar 


after placement of the stent. The cause of the tracheal 





46 





Fig 3. Chest X-ray for stent control. 
nosis of patient 1] was radiotherapy combined 
th tracheotomy following laryngeal cancer. The 
ncer recurred 12 months after the placement of the 
‘nt. Patient 18 suffered from a thyroid cancer that 
is infiltrating the larynx and compressing the tra- 
ea. The stent had been temporarily placed in order 
improve the acute dyspnea and to avoid a tracheot- 
1y in a neoplastic area. 


On March 31. 1998, the follow-up period (Table 
ranged from 0.5 to 67 months, with an average of 
£ 1% months (median 28). The female patient who 
ithe Wall stent showed a 21-month complication- 
e follow-up. The follow-up was ended by death 
+ patients and by total laryngectomy in 2 patients. 


Pulmonary function tests (Tables 2 and 4) reveal, 
ibsolute values, an immediate postoperative mean 
F (50%) of 2.08 + 0.78 L/s (median 1.96) with a 
"mum of 0.69 and a maximum of 3.70. The lon g- 
m PEF 50% is considered to be the value at the 
i control (of which the period varies from one pa- 
it to another): 2.11 +0.78 L/s (median 2.16) with 
unimum of 0.70 and a maximum of 3.07. The 
nediate PIF 50% is 2.40 + 1.29 L/s (median 2.19), 
h a minimum of 1.07 and a maximum of 7.13. 
> long-term PIF 50% is 2.56 + 1.20 L/s (median 
H), with a minimum of 1.41 and a maximum of 
E 
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The average postoperative PIF 50%/PEF 50% ratio 
is 1.28 + 0.68 (median 0.98), with a minimum of 
0.46 and a maximum of 2.78 for the immediate post- 
operative control. For the last control, the average 
PIF 50%/PEF 50 ratio is 1.43 + 0.83 (median 1.09) 
with a minimum of 0.63 and a maximum of 3.13. 
According to the Wilcoxon signed rank test, those 
values are statistically superior to the preoperative 
values (p < 0.01). 


DISCUSSION 


From the stent insertion point of view. we remain 
in favor of positioning through a bronchoscope under 
visual control. We are convinced that one of the rea- 
sons for defective positioning is the lack of good vi- 
sion during the release of the prosthesis. After dila- 
tion, it is difficult with fluoroscopy to assess the as- 
pect of the stenosis, It is for that reason that we do 
not use the placement set provided by the manufac- 
turer. We had taken note of the release bronchoscope 
designed for the Wall stent prosthesis. 1° But here also, 
the release cannot be performed under visual control, 
and fluoroscopy is necessary. The Wall stent pros- 
thesis can be positioned in the same fashion as the 
Gianturco prosthesis by pushing it with an endoscope, 
but the Wall stent metallic wires are finer and the 
edges, under pressure, can bend and buckle in the 
lumen. 


In the case of a fibrous stenosis, prior dilation, as 
described by Shapshay et al,!* facilitates the place- 
ment of the prosthesis. Further, the benefit is imme- 
diate at the level of the respiratory tract. Without dila- 
tion, a period of 2 to 3 weeks is necessary for a good 
expansion." 


In regard to laser type, the CO2 laser appears to us 
to be the best choice because of its low thermal effects 
versus the neodymium:yttrium-aluminum-garnet la- 
ser or even the potassium titanyl phosphate laser?! 


A single-ring prosthesis can easily be dislodged 
and slide over or under the stenosis,2? whereas the 
double-ring stent, 50 mm long by 20 mm in diameter, 
appears to us as the safest. Its length allows good 
support on the tracheal wall at either end of usual 
stenoses. Its 20-mm diameter, after expansion, adapts 
to the natural diameter of the trachea, which is 16 
mm.) Indeed, the manufacturer advocates the use 
of a stent that is 15% to 25% larger than the size of 
the lumen at the application point. It can even be 
25% to 50% larger in tight stenosis cases. But we 
fear that the use of a 30-mm-diameter stent is one of 
the causes of extrusion described in the literature. If 
dilation is insufficient (2 cases in 23), we reinforce 
the device by using a second prosthesis of the same 
diameter, which will increase the strength opposing 
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TABLE 3. TREATMENT, COMPLICATIONS, AND FOLLOW-UP OF 23 PATIENTS WITH TRACHEAL STENOSIS 
-TREATED WITH GIANTURCO STENT ` 


“Paden. Previous 
No. T, reatment H eatment 
l C Q2 laser “Laser and double stent 
2 Montgomery tube Double stent 
for II y 
3 Mongomery tube Double stent 
for 10 y 
4 Laser and double stent 
5 Laser and double stent 
6 Laser and double stent 
7 Laser and double stent 
8 Laser and double stent 
9 Laser and double stent 
10 CO? laser Laser and double stent 
1] Laser and double stent 
12 Laser and double stent 
13 Laser and double stent 
14 Laser and double stent 
15 Laser and double stent 
16 CO? laser Laser and double stent 
17 CO? laser Laser and double stent 
18 Double stent 
19 Dilations, Laser and double stent 
Dumon tube 
20 Double stent 
21 Tracheotomy Laser and double stent 
22 Laser and double stent 
23 Tracheotomy ` Laser and double stent 


the stenosis without risking too much enlargement 
and an extrusion hazard. 


In contrast with solid-wall prostheses, the pros- 
theses with metallic wires do not oppose the drainage 
of secretions. They must, however, be reserved for 
benign stenoses. They have been used in tumoral ob- 
struction cases,'? but their use in such an indication 
appears to us as less than advisable, because they do 
not oppose tumoral proliferation within the lumen. 
In such cases, expandable solid-wall prostheses ap- 
pear to us to be more effective. The advantage of 
expandable prostheses versus silicone solid-wall 
prostheses is their better adaptation to important 
movements of the cervical trachea such as coughing. 
The Dumon prostheses have proved their effective- 
ness for dilation of bronchial tumors or inferior tra- 
cheal tumors near the carina. However, they are less 
stable at the cervical level.*+ 


Two or 3 weeks after the placement, inflammatory 
tissue partially covers the metallic wires (Figs ID 
and 4). If necessary, it is always possible to remove 
the prosthesis, even if it is not easy.®.?°> The stent 


E Imer of 


C 'omplic ations Delay dmo) C ompli ations 
Granuloma, twice 2and4 Laser vaporization 
Insufficiency 0.3 Second doubie stent 
Malpositioned stent 0.5 Replacement of stent 
Mucosal membrane 2 Vaporization and 
webbing second single stent 
Insufficiency L5 Second double stent 
Granuloma, mucosal 5 (granuloma), Laser vaporization 
membrane webbing 13 (webbing) (granuloma), second 


double stent (webbing) 


Granuloma 7 Laser vaporization 
must be held by microforceps and then pulled through 
the bronchoscope. Traction will unfold the rings. 
Bleeding, which is easily controlled, occurs because 
of the microhooks fixing the prosthesis or because 
of mobilized inflammatory tissue. H necessary, one 
can partially vaporize the covering tissue before with- 
drawing the prosthesis. 


The 2 main long-term problems encountered are 
granuloma formation (3 cases in 23; Fig 5) and mu- 
cous membrane development between the 2 rings (2 
cases in 23). Possible granuloma formation makes it 
compulsory to ensure a careful follow-up with regular 
fiberoptic controls. We advocate | fiberoptic contro! 
every 3 months. The use of steroid aerosols is advised 
in the event of the formation of small granulomas. 
ane more STE gr E uara are o 
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TABLE A RATIO OF PEAK INSPIRATORY FLOW (50%) 
TO PEAK EXPIRATORY FLOW (50%) 


l 1.09 0.46 1? 
H 2:30 1 Ai 0.9 
3 NP 1.40) E 
4 1.00 Biz Oa 
5 1.54 20] Gët 
6 [3.9] 2.78 NP 
7 NP 0.80 NP 
8 1.31 0.9% 1.3 
9 2.01 273 29 
10 1.38 0.89 0.9 
Il 0.7] 1:33 NP 
IR 1.34 0.77 0.6 
13 1.00 0.79 NP 
E 1.44 1.79 3.1 
iS NP 1.89 NP 
16 NP 1.70 1.6 
17 LIO 0.60 NP 
IS 1.40 0.83 NP 
19 1.06 NP NP 
20 0.69 0.8 | NP 
21 NP NP NP 
22 0.56 0.92 0.9 
23 NP 0.63 NP 


NP — not performed, 


to each other by a single bridge. 


Although we observed inflammatory granulomas, 
we did not note an increased amount of secretions or 
any superinfection directly caused by the prosthesis. 
We therefore did not swab secretions for bacteriologic 
culture. 


Patients 4 and 11 did not suffer from radiotherapy- 
induced complications. It appears, therefore, that ra- 
diotherapy is not contraindicated. We wish to stress, 
however, that only patient 4 underwent direct tracheal 
irradiation, while patient 11 was mainly irradiated 
on the larynx. 


The Gianturco prosthesis is not indicated for sub- 
glottic stenosis. The upper end of the prosthesis must 
not project beyond the inferior edge of the cricoid 
cartilage. Dilation of a subglottic stenosis would 
place the upper extremity of the prosthesis directly 
under or between the vocal folds. This situation 
would damage the vocal folds and could jam the cri- 
coarytenoid joints. Once in place, the prosthesis must 
be painless and not hinder deglutition. If the contrary 
occurs, one must suspect a defective positioning, 
which, in turn, must be rectified. 


The absolute values (Table 2) of the pulmonary 
function tests reveal good stability of the long-term 





Fig 4. (Patient 11) Laryngeal specimen. Larynx and first 
tracheal rings were resected after carcinoma recurrence. 
Gianturco stent is visible, partially covered by inflam- 
matory tissue. 


results of inspiratory and expiratory levels. The ratio 
between the PIF 50% and the PEF 50% is close to 
the normal value of 0.8 before and after treatment. 

This is because both measures are equally disrupted 
in the case of a lower cervical tracheal or thoracic 
obstruction, and the measures are equally improved 
after treatment. The measure of that ratio is particu- 
larly useful in distinguishing an upper, extrathoracic 
airway obstruction from a lower, intrathoracic airway 
obstruction, The measure is less relevant in cases of 
stable lower tracheal stenosis.76 


After an average follow-up period of more than 
2.5 years and more than 5 years in the older cases, 
the results achieved confirm our belief i in our indica- 
tions for the use of stents in adults. However, we 
refuse to extend the indications: for us, the Gianturco 
prosthesis remains a palliative treatment for tracheal 
stenoses when external surgical approaches have 
failed or present too great a risk. Even though the 
prostheses can be withdrawn, we consider them to 
be permanent. We do not plan on replacing them, 
unless a displacement or a migration occurs, which, 
to date, we have not yet encountered. 


Since our first report, the indications for placing 
the prosthesis have not changed. Table 1. based on 
our 23 patients, details what we consider to be con- 
traindications for performing surgery via an external 
approach, hence authorizing the placement of the 
prosthesis. Those contraindications are refusal of sur- 
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Fig 5. Granuloma formation covering stent (rigid endos- 
copy). 


gery (patient 23); major operative risk because of lack 
of compliance (patient 1); major cardiopulmonary 


risks assessed by the resuscitation team; very poor 
general state (rather than just an age limit); renal in- 
sufficiency; diabetes; severe obesity; and extensive 
tracheal involvement that does not allow a technique 
of resection and anastomosis or reconstructive sur- 
gery with an enlargement technique. 


Underlining the temporary nature of the placement, 
some authors® advocate the use of expandable pros- 
theses for young children when a surgical solution 
based on an external approach is not possible or has 
failed. 

CONCLUSION 

Self-expandable prostheses, and the Gianturco 
prosthesis in particular, can be advocated for long- 
term treatment of tracheal stenoses in patients with 
contraindications to an external reconstructive sur- 
gical approach. The stents help avoid a permanent 
tracheotomy. The patient must, however, comply with 
a strict follow-up in order to prevent the development 
of granulomas, which represents the most frequent 
complication. 
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EXPRESSION OF EPSTEIN-BARR VIRUS LATENT MEMBRANE 
PROTEINS LEADS TO CHANGES IN KERATINOCYTE CELL ADHESIO! 
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SEATTLE, WASHINGTON 


MARC D. COLTRERA, MD 


Epstein-Barr virus (EBV) has 3 latent membrane proteins (LMPs) — LMP1, LMP2a, and LMP2b — which are expressed 
nasopharyngeal carcinoma. Using keratinocyte cell lines expressing LMP2a and LMP2b and coexpressing LMP1/LMP2a, we gre 
organotypic raft cultures to analyze changes in morphology and expression of the cell adhesion molecule ICAM-1; a2, a3, 5, { 
and «64 integrins; laminin 5; E-cadherin; and desmoplakin. Cells expressing LMP2a or LMP2b were defective in their ability 
mature and progress through normal squamous stratification when compared to the parental cell lines. Cells coexpressing LMI 
LMP2a additionally demonstrated “pseudoinvasion” into the raft dermal equivalent. There was a consistent and dramatic up-regu. 
tion in the suprabasal expression of laminin 5 and o6B4 and Di integrins in the LMP-expressing cell lines. ICAM-1, not expressed 
the control cell lines, was up-regulated in the LMP-expressing cell lines. Expression of a3 and oz integrins was also up-regulated 
the LMP-expressing cell lines, while @2 demonstrated a loss of the normal basal layer expression. E-cadherin and desmoplak 
expression patterns were essentially unchanged. We conclude that LMP2a and LMP2b singly, and LMP1/LMP2a coexpressed, < 


capable of altering keratinocyte cell adhesion molecule expression consistent with nasopharyngeal carcinoma. 


KEY WORDS — cell adhesion molecules, Epstein-Barr virus, immunocytochemistry, latent membrane proteins. 


INTRODUCTION 


Epstein-Barr virus (EBV), a double-stranded DNA 
herpes virus that is the causative agent of infectious 
mononucleosis, is closely associated with several lym- 
phoproliferative disorders, including nasopharyngeal 
lymphoma and Burkitt’s lymphoma! It is also strong- 
ly associated with an epithelial malignancy, nasopha- 
ryngeal carcinoma (NPC). The EBV genome includes 
3 latent membrane proteins (LMPs): LMP 1, LMP2a, 
and LMP2b.34 In fibroblasts, LMP1 has been found 
to lead to reduced serum dependence, loss of contact 
inhibition, anchorage-independent growth, and tumor- 
igenicity in nude mice.56 In B-lymphocytes, LMP1 


_ expression is associated with an increase in cellular 


aggregation, alterations in the expression of cell ad- 
hesion molecules.such as intercellular adhesion mole- 
cule (ICAM), and changes in cell cycle control.”-10 


Less is known about LMP2a and LMP2b, which 
share significant homology. LMP2a interacts with 
an src-family tyrosine kinase in B-cells, alters cellu- 
lar calcium regulation, and is involved in the reactiva- 
tion of lymphocytes from Jatency.!!-!3 The function 
of LMP2b is unknown.!4 


Much of the work on the effects of LMP protein 
expression, including studies of cell adhesion mole- 
cules, has been performed in lymphocytic cells. Po- 
tential LMP effects on cell adhesion molecule expres- 


sion in epithelial cells are important because of t] 
intimate nature of epithelial cell contacts and the pr 
gressive maturation patterns found in squamous eg 
thelium. Our group recently developed several diffe 
ent LMP-transfected immortalized keratinocyte c< 
lines: an LMP2a cell line, an LMP2b cell line, anc 
cell line co-expressing LMP1 and LMP2a (LMP 
LMP2a).!5 To better study the potential effect of LV 
protein expression on keratinocyte cell morpholo; 
and cell adhesion molecule expression, we employ: 
organotypic raft cell cultures. The advantage of tl 
organotypic culture over a monolayer culture is tl 
ability to evaluate keratinocytes in an interdepende 
tissuelike system that includes epithelial-dermal su 
strate interaction and that supports progressive squ 
mous differentiation. This affords an opportunity 
compare patterns of expression directly with anal 
gous in vivo tissues. 


MATERIALS AND METHODS 


Cell Lines. The human papillomavirus (HP V)—1 
mortalized human foreskin keratinocyte cell line FE 
1811 was used as the parent cell line for the LM 
transfections.!© These cells were transfected with 
pLNPOX-based retrovirus vector containing the EB 
LMP1, LMP2a, or LMP2b genes along with a h 
gromycin resistance gene (LMP1) or a neomycin r 
sistance gene (LMP2a, LMP2b) as previously d 
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TABLE 1. ANTIBODY SOURCES 
Antigen Clone 
ICAM-1 10F3 


Dilution Source 


l ug/mL Olga Printseva, Wash- 
ington, DC 

William Carter, Fred 
Hutchinson Cancer 
Center, Seattle, Wash 


William Carter, Fred 
Hutchinson Cancer 
Center 


William Carter, Fred 
Hutchinson Cancer 
Center 


Nick Kovack, Univer- 
sity of Washington, 
Seattle, Wash 

Tom Carey, University 
of Michigan, Ann 
Arbor, Mich 

Susana Gill, Fred 
Hutchinson Cancer 
Center 


C2 P4B4 1:160 
03 P1F2 1:160 
Ga PID6 1:40 


Bi 8A2 1 pg/mL, 


oe A9 1:5,000 


Laminin 5 B4-6 1:40 


Desmoplakin DP2.15 


E-cadherin HECD-1 1ug/mL Zymed, San Francisco, 


Calif 


scribed. 15-17 Briefly, PE501 cells were transfected 
overnight with 10 ug of plasmid DNA with 0.5 mL 
piperazine-N,N'-bis[2-ethanesulfonic acid]; 1,4-pi- 
perazinediethanesulfonic acid buffer, 0.5 mL 0.25- 
mol/L calcium chloride, and DMEM (Gibco BRL, 
Gaithersburg, Md)/10% fetal bovine serum (Hyclone, 
Logan, Utah). One to two milliliters of the PESO1 
media was filtered through a 0.2-um filter and placed 
onto a 30% confluent plate of PG13 cells with 4 ug/ 
mL polybrene in DMEM/10% fetal bovine serum. 
Selection was performed with 300 U/mL hygromycin 
(Sigma, St Louis, Mo). Colonies were plated, and 2- 
mL aliquots of the PG13 colonies’ media were fil- 
tered through a 0.2-um filter and added to the FEP 
1811 keratinocytes with 4 g/mL polybrene in kera- 
tinocyte serum free media (Gibco BRL). The trans- 
fected FEP 1811 keratinocytes were selected with 8 
U/mL hygromycin, and expression of the respective 
latent membrane proteins was demonstrated by West- 
ern blot with polyclonal antibodies to LMP2 (gift of 
Evelyne T. Lennette) and monoclonal antibody CS1- 
4 to LMP1 (DAKO).!5-18 Additionally, a vector con- 
trol cell line (FEP 1811-V) was established by using 
a modification of the pLNPOX plasmid lacking the 
LMP genes. 17 


Control cell lines (normal human foreskin keratin- 
ocytes [HFK], FEP 1811, and FEP 1811-V) and LMP- 
containing cell lines (LMP2a, LMP2b, and LMP1/ 
LMP2a) were grown in triplicate on organotypic raft 
cultures as previously described.!? Briefly, 2 mL of 
a dermal equivalent consisting of 7 parts purified col- 


0.1 ug/mL Biotech, Rockville, Md 


lagen (Collaborative Biomedical Products, Bedford, 
Mass), 1 part primary human foreskin fibroblasts, 1 
part reconstitution buffer (2.2% NaCO3, 0.05 N 
NaOH, 200-mmol/L HEPES), and 1 part 10X E me- 
dia (10 parts DMEM, 3 parts F12; Gibco BRL) were 
plated onto 35-mm culture dishes and allowed to “set 
up” at 37°C for 2 hours. Following this step, 1 mil- 
lion keratinocytes in Rheumwald green media were 
plated on top of the dermal equivalent.!?2° Two hours 
later, the entire culture was reamed from its attach- 
ment to the plate and submerged in Rheumwald green 
media. On the sixth day, the entire raft was lifted on 
a screen and fed at an air-culture interface from be- 
low for 2 weeks. The raft cultures were harvested 
and flash frozen in OCT with liquid nitrogen—cooled 
isopentane. 


Histology and Immunchistochemistry. Specimens 
were cut on a cryotome into 4-um sections. Serial 
sections were stained with hematoxylin and eosin for 
morphological analysis or reserved for cell adhesion 
molecule immunohistochemistry that included anti- 
bodies to ICAM-1; a2, 03, 05, B1, and 0684 integrins; 
laminin 5 (also called epiligrin, kallinin, or nicein); 
E-cadherin; and desmoplakin. Antibody sources and 
working dilutions are listed in Table 1. Sections were 
fixed in acetone for 10 minutes, except for E-cadher- 
in (2% formalin) and desmoplakin (100% ethanol). 
Following rehydration in phosphate buffered saline 
(PBS), sections were blocked in 0.3% hydrogen per- 
oxide for 10 minutes and then washed in PBS. The 
primary antibody was incubated with the tissue sec- 
tions for 1 hour at room temperature. Following PBS 
washes, a biotinylated goat anti-mouse secondary an- 
tibody (1:500, Vector Labs, Burlingame, Calif) was 
applied for 30 minutes; the sections were then washed 
and incubated with avidin biotin complex (Vector 
Elite) for 30 minutes. The sections were then placed 
in 0.37 g/mL 3,3' diaminobenzidine/0.06% NiCl/ 
0.17% hydrogen peroxide/0.05-mol/L TRIS for 10 
minutes. The slides were washed in distilled water, 
counterstained with methyl green, and dehydrated 
in progressive ethanol washes prior to mounting with 
Histomount. Negative immunohistochemistry con- 
trols were run without the primary antibody. 


Immunohistochemistry Analysis. Specimens were 
first analyzed in a qualitative fashion for immuno- 
staining location (eg, basal versus suprabasal). In ad- 
dition, LMP1/LMP2a immunostaining intensities 
were compared with LMP2a immunostaining intensi- 
ties by using scanned photomicrographs and Adobe 
Photoshop plug-ins on a Macintosh 7200 computer 
as previously described.*! Specimens demonstrating 
an increased intensity of immunostaining greater than 
a factor of 2 were noted. 
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E-cadherin SB + + + + A 
H + + + + E 
SB — suprabasal; B — basal; ~ — no immunostaining: + — positive immunostaining; ++ — intense positive immunostaining (see Materials 


and Methods). See text for other abbreviations. 


RESULTS 


In all cases the FEP 1811 and FEP 1811-V cell 
lines behaved similarly, indicating no effect on cell 
morphology or cell adhesion molecule expression 
from the retroviral vector alone. Representative re- 
sults are presented for the FEP 1811 cell type and 
are summarized in Table 2. 


Morphology of Organotypic Cultures. The normal 
foreskin epithelial cells demonstrate a squamous mat- 


uration process that parallels that of in vivo human 
foreskin (Fig 1A). A well-defined basal layer is clear- 
ly seen with a sharp interface between the epitheli- 
um and the underlying fibroblast-impregnated colla- 
gen matrix. Normal stratification with keratinization 
is present. The HPV-immortalized FEP 1811 parent 
cell line (Fig 1B) demonstrates a maturation process 
that is similar to that of the normal human foreskin 
epithelial cells. Minor vacuolization of cells can be 
seen in some areas. 





Fig 1. Hematoxylin and eosin—stained sections of organotypic cultures consisting of fibroblast-impregnated collagen matrix 
and keratinocyte cells on top (original x200). A) Human foreskin keratinocytes (HFK). B) FEP 1811 cells. C) LMP2a cells. D) 
LMP2b cells. E) LMP1/LMP2a coexpressing cells. Note sharp epithelial-dermal equivalent interface in all organotypic cul- 


tures except for LMP1I/LMP2a coexpressors. 
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Fig 2. Cell adhesion molecule immunostaining specimens {original x200). For ease of comparison, immunostained sections 
are arranged in rows by cell type (HFK. FEP 1811. LMP2a, LMP2b, LMP1/LMP2a) and in columns by antibody type (ICAM- 
|. QoB4. laminin 5. Bi. oz os, o2, E-cadherin. desmoplakin). (Continued on next page.) 


In organotypic raft cultures made from LMP2a or 
LMP 2b cell lines (Fig 1C.D), a marked increase in 
the epithelial thickness is found along with an in- 
crease in vacuolization compared to the parental FEP 
(SIT cells. The basal layer remains intact. though it 
is expanded. While stratification is present in these 
cells, cell maturation is abnormal. as the flattening 
of the cell nuclei is delayed. No transition to a squa- 
mous morphology ts detectable, nor is cornification 
evident in these sections. The result is an overall in- 
crease in apparent disorder throughout the epitheli- 
um, with an expansion of the suprabasal layer. 


In organotypic raft cultures made from the LMP1/ 
LMP2a coexpressors, a significant change takes place 
(Fig 1E). There are areas in the rafts in which the 
basal layer remains intact, along with areas in which 
the basal layer is replaced by disorganized strings 
and nests of cells with the morphological characteris- 
tics of basal cells, including isolated “pseudoinva- 
sive islands of cells that are found within the under- 
lying collagen matrix. Where the basal layer remains, 
the cells are widely spaced and do not align them- 
selves in an orderly manner. Full-thickness change 
has occurred throughout the epithelium, and no dis- 


tinct layers are distinguishable. Occasional mitotic 
figures are found in the superficial aspect of the epi- 
thelium. 


Cell Adhesion Molecule Immunohistochemistry. In 
general, the immunostaining patterns seen in the 
LMP1/LMP2a organotypic rafts did not vary between 
cells in the “pseudoinvasive” nests and cells in the 
areas without invasion. For comparison purposes 
with the other cultures, LMP1/LMP2a figures dem- 
onstrate Immunostaining in the noninvasive areas. 


Expression of ICAM-1 is minimal or nonexistent 
in the HFK and FEP 1811] parent cell lines (Fig 2, 
column 1). The LMP2b cells demonstrate scattered 
cells with clear ICAM-1! expression, while LMP2a 
cells show a generalized increase in ICAM-1 expres- 
sion throughout the epithelium. The LMPI/LMP2a 
coexpressing cells demonstrate a further increase in 
ICAM-I immunostaining intensity compared with the 
LMP2a cell line. 


Expression of œ6ß4 is limited to the most basal 
layer of Keratinocytes in both the HFK and FEP 1811 
cell types, with an occasional suprabasal cell dem- 
onstrating immunostaining (Fig 2, column 2). The 
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Fig 2, continued. 


LMP2a and LMP2b cell lines demonstrate increased 
staining throughout the epithelium, while in compar- 
ison, LMP1/LMP2a coexpressing cells demonstrate 
a greater level of intense staining throughout the epi- 
thelium. 


Laminin 5 is restricted to the basal layer in the HFK 
and FEP 1811 cell lines (Fig 2, column 3). In addi- 
tion to the basal layer, there is expression throughout 
the epithelium in the LMP2a and LMP2b cells and 
more intense staining throughout the LMP1/LMP2a 
epithelium. Compared with the other cell adhesion 
molecules, laminin 5 immunostaining also demon- 
strates a higher background staining in the underly- 
ing collagen matrix. 


In HFK and FEP 1811 cell lines, Bi integrin ex- 
pression is primarily limited to the pseudo—basement 
membrane and the basal layer of keratinocytes (Fig 
2, column 4). The intense staining along the pseudo— 
basement membrane is clearly identified in the HFK 
organotypic culture, in which there is artifactual sepa- 
ration between the epithelial cell layer and the under- 
lying collagen matrix. In the LMP2a, LMP2b, and 
LMP1/LMP2a cells, there is increased expression 
throughout the epithelium. 


In HFK and FEP 1811 cell lines, 03 and oa integrin 


SC is chiefly limited to the basal keratinocytes 
(Fig 2, columns 5 and 6). The parent HFK cell line 
demonstrates a gradually decreasing 3 immuno- 
staining pattern in the immediate suprabas: al layers, 
rather than the sharp suprabasal cutoff seen in the 
FEP 1811 parent cell line. In the LMP2a. LMP2b. 
and LMPI/LMP2a cells, there is increased expres- 
sion throughout the epithelium, with a lesser increase 
noted for the LMP2b cells. 


In contrast to the other integrins, there is a loss of 
basal layer immunostaining in the EE 
cell lines compared to the parent 
column 7). 


There is no significant change in E-cadherin ex- 
pression pattern or EE intensity between 
the different cell lines (Fig 2, column 8). Similar find- 
ings are noted for desmoplakin expression (Fig 2, 
column 9). 


DISCUSSION 


Epstein-Barr virus has been strongly linked to NPC 
of the World Health Organization type IH and HI clas- 
sifications, and serology against EBV ee can be 
found in a large percentage of NPC patients. 157424 
In contrast to EBV infections, which are e po SE slonal, 
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the EBV genome in EBV-positive NPC is clonal, in- 
dicating its presence before malignant transformation, 
which allows for a possible role in the transforma- 
tion process. The EBV genome is a linear double- 
stranded DNA molecule that encodes several proteins, 
including 6 nuclear proteins and 3 membrane pro- 
teins. One of the nuclear proteins, EBV nuclear an- 
tigen 1 (EBNA-1), is found in a large percentage of 
NPCs and is thought to regulate the replication and 
maintenance of the viral genome during cell prolifer- 
ation.26 The 3 EBV membrane proteins are expressed 
during the latent phase of the infection and are re- 
ferred to as “latent” membrane proteins: LMP1, 
LMP2a, and LMP2b. Like EBNA-1, the LMPs are 
expressed in a large percentage of NPCs. LMP1 is 
found in up to 60% of NPCs, whereas LMP2a is found 
in up to 95% of NPCs.*4.26-29 These proteins are 
thought to play a role in the development and mainte- 
nance of the malignant state in the host cell. To date, 
their mechanisms of action have been investigated 
primarily in EB V-associated lymphoproliferative dis- 
orders such as Burkitt’s lymphoma.*:7.8.13,30-33 While 
much has been learned about the role of the LMPs in 
lymphocytes, little is known about their role in the 
malignant transformation of keratinocytes. 


Of the 3 LMP proteins, LMP1 is the best studied. 
LMP1 is an oncogene encoding a 63 kd transmem- 
brane phosphoprotein with wide-ranging effects on 
host cells, including the reduction of serum depen- 
dence in cultured fibroblasts, changes in cell morphol- 
ogy, and altered cellular adhesion.34-*> It is known to 
up-regulate cellular calcitum/calmodulin kinases and 
the bcl-2 oncogene in lymphocytes.3®37 Also in lym- 
phocytes, it upregulates cyclin D2 expression, in- 
creases cdk4/cyclin D2 complexes, and leads to hy- 
perphosphorylation of the retinoblastoma gene prod- 
uct, allowing progression of the cell through the cell 
cycle.!0 LMPI has also been shown to increase NF- 
«KB promoter activity, which in turn is linked to the 
expression of ICAM, IL-8, matrix metalloproteinase 
9 (MMP-9), and other cell proteins. LMP1 also af- 
fects the differentiation and growth of human and 
rodent epithelial cells in monolayer culture 227 


Much less is known about the function of the 
LMP2 family of proteins. LMP2a and LMP2b have 
significant homology, differing primarily in their 3 
exon. LMP2a has been shown to interact with an src- 
family tyrosine kinase in B-cells and to alter cellular 
calcium regulation.!!.!2 It is involved in a cascade of 
genetic events that results in the reactivation of lym- 
phocytes from latency.!3 In spite of the fact that the 
LMP2a protein is found in the vast majority of NPC 
specimens, its role in keratinocytes and the develop- 
ment of NPC is completely unknown. LMP2b shares 


a bidirectional promoter with LMP1 and may be func- 
tionally linked with LMP1, but as yet has not been 
assigned a specific function.!4 Neither LMP2a nor 
LMP 2b has been shown to affect cell adhesion mole- 
cule expression in the absence of LMP1. 


With rare exceptions (eg, occasional suprabasal 
cells), the parent FEP 1811—immortalized keratino- 
cyte cell line behaved similarly to the nontransformed 
HFK cell line in expressing cell adhesion molecules 
and was a useful baseline for comparing the LMP 
transfectants. Our data demonstrate profound differ- 
ences both in keratinocyte morphology and cell ad- 
hesion phenotypes for the LMP2a, LMP2b, and 
LMP 1/LMP2a transfected cell lines when compared 
to the FEP 1811 parent cell line. LMP2a alone was 
associated with qualitative changes in cell adhesion 
molecule expression, while the addition of LMP1 in 
the LMP1/LMP2a transfectants generally resulted 
only in further quantitative changes in cell adhesion 
marker expression. In normal squamous epithelium, 
expression of the majority of the cell adhesion mol- 
ecule panel we evaluated (a2, 03, 05, 0684, B1, lam- 
inin 5) is limited to the basal cell layer in which the 
proliferating “stem cell” population of the epithe- 
lium resides.38-4 In the HFK and FEP 1811 control 
organotypic cultures, this basal layer pattern of ex- 
pression persists. In contrast, LMP2a- and LMP2b- 
transfected cells demonstrate suprabasal expression 
of most of these cell adhesion molecules. In the case 
of 012, there was a loss of expression in the basal lay- 
er matching the lack of expression in the suprabasal 
layers, while conversely, there was a gain of ICAM- 
l expression throughout the epithelium where there 
had been none before. LMP1/LMP2a coexpressors 
demonstrated the same intraepithelial pattern changes 
as the LMP2a cells, but also exhibited moré intense 
immunostaining. These changes incell adhesion mole- 
cule expression patterns are the same as those seen 
in head and neck premalignancies and carcinomas 
in vivo.*4-46 As the basal cell epithelial population 
differentiates, integrin expression is generally lost, 
while conversely, the retention of integrin expression 
is associated with retention of the basal cell pheno- 
type.47 


We cannot currently study the effect of LMP! 
alone in the organotypic system for lack of a stable 
LMP l1-only clone, but LMP1 lymphocyte experi- 
ments suggest several possible mechanisms for LMP 
interactions with cell adhesion molecule expression. 
As previously mentioned, changes in NF-«B activi- 
ty have been linked to increased expression of ICAM. 
In addition, there are data to suggest that LMP1 acts 
as a constitutively signaling TNF-a receptor-like 
molecule 23 In addition to up-regulating NF-KB, TNF- 
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æ can increase the expression of ICAM and Dr. oi, 
g2, and 06 integrins.48-2 While it has been demon- 
strated that some cell types immortalized with the 
HPV 16 genome have constitutively up-regulated 
TNF-a, which might up-regulate ICAM-1 expres- 
sion, we do not see such an effect with the HPV 18- 
immortalized FEP 1811 cell line.’ With the introduc- 
tion of the LMP genes, however, we see a dramatic 
change in ICAM-1 expression. The increased expres- 
sion of ICAM is not a universal phenomenon asso- 
ciated with EBV transfection in vivo. While ICAM 
expression is down-regulated in EBV-positive Bur- 
kitt’s lymphoma cell lines, it is frequently up-regu- 
lated in NPC.44-45,54 Again, the organotypic cultures 
parallel the in vivo findings. 


Lymphocytic infiltration in NPC is a common find- 
ing, and it has been suggested that the lymphocytes 
may regulate the growth of NPC tumor cells via a 
paracrine mechanism, or alternatively, that they may 
be part of an antitumor immune response.*> ICAM 
expression may play a complex role in the NPC phe- 
notype, since ICAM is targeted by the lymphocyte 
LFA-1 receptor.4556 Lymphocytic infiltration in NPC 
has been associated with improved prognosis.°’ Con- 
versely, others have demonstrated that LMP1 expres- 
sion is frequently lost in poorly differentiated NPC, 
which has a worse prognosis.” The link between these 
observations may be ICAM expression by the NPC 
cells driven by LMP protein expression. 


No previous descriptions of LMP effects on œ6ß4 
expression have been published. However, the dra- 
matic changes in the expression of &6ß4 in the LMP 
organotypic cultures are in strong agreement with 
the changes seen in squamous dysplasia and carcino- 
ma in vivo.*® 8-60 Further, it has been suggested that 
laminin 5 and a6B4 are coregulated.®! Our data fit 
with this hypothesis, since 0684 and its ligand lami- 


/ 


nin 5 are coexpressed in identical fashion in the LMP- 
transfected organotypic cultures. 


The morphological changes seen in the LMP or- 
ganotypic cultures were consistent with the altera- 
tions seen in cell adhesion molecule expression. In 
the LMP2a and LMP2b cultures, a marked increase 
in the epithelial thickness is found, along with an ex- 
panded basal Jayer. Some stratification is present in 
the suprabasal layers, but the overall cell maturation 
is abnormal, with an apparent increase in disorder 
throughout the epithelium. Compared with the 
LMP2a cultures, the coexpressing LMP1/LMP2a cul- 
tures are more compact, but demonstrate an increase 
in cellularity with a loss of maturation when com- 
pared with the parent FEP 1811 cell line. Further, 
the LMP1/LMP2a cell line consistently demonstrated 
a “‘pseudoinvasive” component that violated the epi- 
thelial—collagen matrix interface. This phenotype is 
referred to as pseudoinvasive because a true base- 
ment membrane does not exist in the organotypic cul- 
tures, though there is evidence for a basal membrane— 
oriented deposition of some materials (eg, B1 expres- 
sion). As would be expected, deliberate manipulation 
of the collagen matrix firmness can influence the rela- 
tive amount of “pseudoinvasion” and can result in 
“pseudoinvasion” in organotypic cell cultures made 
from the other cell types. But the fact remains that 
the LMP1/LMP2a coexpressors consistently demon- 
strated “pseudoinvasion” under conditions in which 
the other cell lines did not. This consistent finding 
raises the possibility that another change associated 
with LMP1 expression might be taking advantage 
of the changes in cell adhesion molecule expression. 
One possible LMP1-inducible cofactor is the metal- 
loproteinase MMP-9, which is associated with NF- 
KB promoter activity.>° Further studies of this issue 
will require separating the effect of LMP1 from that 
of LMP2a in the keratinocytes. 
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DISTANT LYMPHATIC METASTASIS 
FROM HEAD AND NECK CANCER 
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A predictable pattern of metastasis based on tumor histology and site of origin has been well documented for most cancers that 
arise in the head and neck region. The current study demonstrates that this predictable pattern of metastasis can be significantly 
impacted by previous therapy, resulting in unusual patterns of metastasis in patients with recurrent tumors. A retrospective case series 
of 5 patients with head and neck carcinomas who developed metastases to distant lymph nodes is presented. All patients underwent 
surgery and radiotherapy to the primary tumor and regional lymphatics at the time of their initial treatment. All of the patients 
developed a local recurrence less than a year before the detection of distant lymphatic metastases. Cytology or excision confirmed 
metastases to the axillary, inguinal, or anterior intercostal lymph nodes. All of the patients underwent aggressive surgery for at- 
tempted cure of the local recurrence shortly before the presence of distant lymphatic metastases was clinically recognized. The 
metastatic workup of patients with carcinomas of the head and neck frequently includes examination of the regional lymph nodes as 
well as chest radiography, liver function tests, and serum calcium determination. This evaluation may fail to detect metastases to 
distant lymph nodes in patients who present with recurrent or second primary cancers. Such patients should undergo careful exami- 
nation of all major lymph node—bearing regions of the body when being evaluated for the presence of distant metastases. 


KEY WORDS — head and neck cancer, lymph node, metastasis. 


INTRODUCTION 


As local and regional control of head and neck 
cancer has improved, distant metastases have become 
an increasingly common cause of death.! In 1923, 
Crile* reported that only 1% of patients with cancer 
of the upper aerodigestive tract had distant metasta- 
sis at autopsy. Some 40 years later, studies of post- 
mortem examinations conducted after the refinement 
of techniques for the treatment of head and neck can- 
cer by surgery and radiotherapy revealed distant me- 
tastases in 36% to 57% of cases.34 For squamous 
cell carcinoma of the upper aerodigestive tract, the 
most common metastasis is to the cervical regional 
lymph nodes. The lungs, liver, and bones are the most 
common sites of distant hematogenous metastases.4° 
Other, less common sites of metastases include the 
mediastinum, adrenal gland, brain, pericardium, kid- 
ney, and thyroid gland.® 


The disturbance of the lymphatic system in the 
cervical region resulting from radiotherapy or neck 
dissection can result in alternative pathways of lym- 
phatic drainage. These newly formed pathways of 
drainage can ultimately result in lymphatic dissemi- 
nation of head and neck cancers to sites below the 
clavicles. Metastasis from head and neck carcino- 
mas to infraclavicular lymph nodes has been reported 


very infrequently in the literature.’8 Recognition of 
this phenomenon is crucial in the evaluation of pa- 
tients with recurrent head and neck cancer, especially 
when salvage surgery is entertained. Screening tests 
for distant metastases that are commonly performed 
in these patients, including chest radiography, liver 
function tests, and determination of a serum calcium 
level, may fail to detect metastases to infraclavieu- 
lar lymph nodes. 


MATERIALS AND METHODS 


The University of California Los Angeles Medi- 
cal Center Tumor Registry was reviewed to identify 
patients evaluated for mucosal squamous cell carci- 
noma during a 2-year interval. A detailed chart re- 
view was performed for 5 patients treated for metas- 
tases to infraclavicular lymph nodes. 


RESULTS 


Review of the tumor registry revealed that 342 
patients were evaluated at University of California 
Los Angeles School of Medicine between July 1995 
and June 1997 for mucosal head and neck squamous 
cell carcinoma. Forty-seven (13.7%) of these cases 
were found to have distant metastasis. Five patients 
(1.5%) were found to have metastases to infraclavic- 
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TABLE 1. CLINICAL PROFILE AND TREATMENT AT INITIAL PRESENTATION 


Age 
Case (y) Primary Site TNM 
l 62 Right floor of mouth T3NOMO 
2 6] Hypopharyngeal T3N2M0 
3 72 Right retromolar T2N1 M0 
4. 60 Left retromolar T2NOMO 
5 70 Left tonsil T4NOMO 
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Neck XRT 

Treatment Dissection (Gy) 
‘Composite resection Bilateral 61 
Total laryngectomy Bilateral 70 
Composite resection Right 60 
Composite resection Left 70 
Composite resection Bilateral 72 


ular lymph nodes. These patients’ ages ranged from 
60 to 72 years (mean 65 years, median 62 years). 
There were 3 women and 2 men. Distant nodal me- 
tastasis to infraclavicular lymph nodes was detected 
and confirmed by cytology or histology of an ex- 
cised lymph node in all cases. 


Patient characteristics and treatment summaries of 
the 5 patients treated for distant lymphatic metastases 
are summarized in Tables 1 and 2. All patients previ- 
ously had been treated for primary mucosal squa- 
mous cell carcinomas of the head and neck region. 
The initial treatment for all patients entailed surgi- 
cal resection of the primary lesion along with neck 
dissection. An ipsilateral neck dissection was per- 
formed on 2 patients, while bilateral neck dissections 
were performed on 3 patients. All of the patients also 
received postoperative radiotherapy to the primary 


-site and both sides of the neck. The average dose of 


radiotherapy was 66.6 Gy (median 70 Gy). 


Recurrent aerodigestive mucosal carcinomas oc- 
curred in all 5 patients less than 2 years before the 
clinical recognition of distant lymphatic metastases. 
This included 3 patients with recurrence at the previ- 
ously treated primary tumor site, and 2 patients with 
secondary primary carcinomas of the head and neck. 
A head and neck and general physical examination, 
a chest radiograph, and blood tests consisting of liver 
function tests and a serum calcium level determina- 
tion were performed on all of the patients. No dis- 
tant metastases were detected in any of the 5 patients 
by this evaluation. One patient was determined to be 


TABLE 2. PROFILE OF PATIENTS WITH RECURRENCE 
AND DISTANT NODAL METASTASES 


Site of | Postrecurrence 


Salvage Nodal Metastases 
Case Recurrence Surgery Metastasis (mo)* 

1 R floor of Yes Presternal IR 
mouth 

2  R base of Yes L inguinal 4 
tongue 

3 R floor of Yes L axillary 4 
mouth 

4 R floor of Yes R axillary 23 
mouth 

5 Linfratemporal No Presternal 3 


*Time between diagnosis of primary tumor recurrence and distant 
nodal metastases. 


unsalvageable because of skull base involvement by 
a recurrent carcinoma of the tonsil and infratempo- 
ral fossa (case 5). The remaining 4 patients under- 
went aggressive resection and flap reconstruction to 
treat their recurrent primary carcinomas. Pathologi- 
cal examination of the excised specimens confirmed 
all of the margins to be free of tumor in these 4 pa- 
tients who underwent salvage surgery. 


Distant lymphatic metastasis was clinically recog- 
nized between 3 months and 23 months (median 4 
months) after the diagnosis of upper aerodigestive 
tract recurrences or second primaries. All patients 
developed distant lymphatic metastases that demon- 
strated pathological features that were consistent with 
the previously treated head and neck primaries. Three 
cases were confirmed by excision of the distant lym- 
phatic metastases, while 2 cases were demonstrated 
by fine needle aspiration cytology. The sites of these 
distant lymphatic metastases included the axillary 
lymphatic chain in 2 cases, anterior intercostal lymph 
nodes in 2 cases, and inguinal lymph nodes in 1 case. 


Further evaluation for other sites of tumor recur- 
rence was performed on all of the patients upon the 
diagnosis of distant lymphatic metastasis. This work- 
up included physical examinations, chest and abdom- 
inal computed tomography scans, bone scans, and 
serum chemistry studies. The results showed no other 
sites of distant metastasis in any of the patients. Treat- 
ment of the distant lymphatic metastases included 
regional lymphadenectomy and radiotherapy in 2 
cases, local radiotherapy alone in 2 cases, and local 
radiotherapy combined with chemotherapy in 1 case. 
Only 1 of the patients has remained free of disease 
for 1 year, after an axillary lymph node dissection 
and radiotherapy (case 3). The remainder have either 
died or developed multifocal distant metastasis. 


DISCUSSION 


It is generally agreed that head and neck cancer 
remains confined above the clavicles in the majority 
of cases. A clinical series that included 5,019 patients 
with head and neck cancer identified an 11% inci- 
dence of distant metastasis.? However, autopsy stud- 
ies of patients with head and neck cancer have dem- 
onstrated the incidence of distant metastasis to be as 
high as 57%.* Once distant metastases are detected, 
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Fig |. Lymphatic connection between subclavicular path- 
ways (axillary, internal mammary) and supraclavicular 
sentinel node.!+ (Reprinted with permission from Clouse 
ME. Lymphatic imaging: lymphography, computer to- 
mography and scintigraphy. 2nd ed. Baltimore, Md: Wil- 
liams & Wilkins, 1985:398.) 


patients have a very poor prognosis. The time inter- 
val between the diagnosis of distant metastasis and 
death is less than 2 years in greater than 90% of such 
cases.'° At our institution during this study period, 
the prevalence of distant metastasis among patients 
with mucosal squamous cell carcinoma of the head 
and neck was 14%, with 96% of such cases surviving 
less than 2 years. 


A correlation between the incidence of regional 
metastases and distant metastases has been well shown 
for head and neck cancer. Distant metastases are also 
more common after recurrence of local or regional 
disease. Leibel and Scott! land Calhoun et al!? have 
reported that two thirds of the patients with distant 
metastases had recurrent locoregional carcinoma. In 
the current series, local recurrence or secondary pri- 
mary carcinomas were detected in all 5 patients less 
than 2 years before the recognition of distant lym- 
phatic metastases. 


A predictable pattern of lymphatic metastasis based 
on tumor histology and site of origin has also been 
well documented for most cancers that arise in the 
head and neck region. However, previous surgery or 
radiotherapy can significantly alter this predictable 
pattern of lymphatic tumor dissemination. A neck dis- 
section removes lymph nodes and causes physical 
disruption of lymphatic channels in the cervical re- 
gion. Radiotherapy produces sclerosis of lymph nodes 





Fig 2. Mercurial injection of lymphatic system, showing 
array of lymphatic anastomoses extending from cervical 
region to inguinal region. (Reprinted with permission. In) 


and fibrosis of lymphatic vessels, which results in ob- 
structive lymphedema.!? Therefore, both radiother- 
apy and neck dissection can result in the eradication 
of the primary lymphatics of the head and neck re- 
gion. The lymphatic stasis that subsequently devel- 
ops is relieved by the development of collateral chan- 
nels through alternative drainage pathways. These 
pathways do not follow a predicted pattern of drain- 
age, but may form anastomoses with lymphatic chan- 
nels in the infraclavicular region. 


These alternative pathways have been demonstrat- 
ed in previous anatomic studies of the human lym- 
phatic system. In 1932, Rouviere!+ reported the retro- 
grade flow of lymph fluid through lymphatics from 
the superomedial part of the breast and axilla to the 
deep sentinel nodes, near the jugular-subclavian ve- 
nous confluence (Fig 1). These sentinel nodes are in 
direct communication with the transverse cervical 
lymph nodes within the supraclavicular fossa. Both 
Rouviere!4 and Bartels!> identified lymphatic chan- 
nels coursing from the axillary lymph nodes to the 
transverse cervical lymphatic chain. Reverse flow 
from the supraclavicular, transverse cervical, and spi- 
nal accessory lymphatic chains into the central axilla- 
ry nodes has also been shown. Ip These studies show 
that bidirectional lymph flow occurs across the clavi- 
cles through multiple channels. The presence of these 
pathways was also illustrated by Sappey.!7 
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Once the lymph flow reaches the infraclavicular 
region, there are 3 lymphatic channels on each side 
of the thoracic cavity, which can distribute its con- 
tents to a variety of locations. The paired internal tho- 
racic trunks course along both sides of the sternum 
and communicate with the parasternal and anterior 
intercostal lymph nodes. The left-sided thoracic duct 
and right lymph trunk are located adjacent to the ver- 
tebrae and provide drainage for the chest wall. The 
mediastinal lymph trunks course along the trachea 
and drain the lungs, esophagus, paratracheal region, 
and heart. These 3 pairs of lymph trunks communi- 
cate freely with each other. There are also anastomo- 
ses between these groups of lymphatics and the axil- 
lary nodal chain as well as the internal thoracic trunk 
in the hypoepigastric region. Such an array of lym- 
phatic anastomoses, from the supraclavicular region 
to the infraclavicular region, makes it possible for a 
head and neck carcinoma to manifest itself in any 
lymphatic region below the clavicle (Fig 2!®). This 
possibility may account for the occurrence of paraster- 
nal, inguinal, and axillary nodal metastases in the 
current series. All of the patients in the current study 
had treatment consisting of surgery and radiotherapy 
that obliterated bilateral cervical lymphatics, thereby 
opening collateral lymphatic channels to ipsilateral 
and contralateral axillary, anterior intercostal, and 
inguinal lymph nodes. 


The optimal management of patients with distant 
lymphatic metastases remains poorly defined because 
of the low incidence of occurrence. The prognosis 
of patients with distant lymphatic metastases from 


head and neck cancer may be better than that of pa- 
tients with distant hematogenous metastases. Long- 
term ‘survival after axillary lymph node dissections 
for metastatic squamous cell carcinoma of the lar- 
ynx has been reported in 2 previous cases.’° It is 
currently our practice to recommend a regional lym- 
phadenectomy and local radiotherapy for distant lym- 
phatic metastases when further metastatic workup 
reveals no other sites of tumor recurrence. If multi- 
ple sites of tumor recurrence are documented, then 
chemotherapy is also considered. However, on our 
current treatment protocol, only 1 of the 5 patients 
in this series remains free of disease after regional 
lymphadenectomy and radiotherapy, with a follow- 
up of only 1 year. 


CONCLUSION 


Infraclavicular lymph nodes may become the pri- 
mary site of lymphatic drainage in patients with head 
and neck cancer who have undergone previous sur- 
gery or radiotherapy to the cervical lymphatics. The 
metastatic workup for patients with head and neck 
cancer frequently includes examination of the cervi- 
cal lymph nodes as well as chest radiography, liver 
function tests, and a serum calcium level determina- 
tion. This evaluation may fail to detect metastases to 
distant lymph nodes in patients who present with re- 
current or second primary cancers after previous ther- 
apy that has affected the cervical lymphatics. Such 
patients should undergo careful examination of all 
major lymph node~bearing regions of the body when 
being evaluated for the presence of distant metasta- 
ses. 
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MONTGOMERY® SALIVARY BYPASS TUBE IN THE 
RECONSTRUCTION OF THE HYPOPHARYNX 


COST-BENEFIT STUDY 
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This study analyzes the postoperative complications and the functional results in 61 p patients who underwent total laryngectomy 
with partial or total (circumferential) pharyngectomy reconstructed with a pectoralis major myocutaneous flap, in relation to the use 
of the Montgomery® Salivary Bypass Tube (MSBPT). There were no significant differences regarding frequency of postoperative 
cervical complications in relation to the use of the MSBPT. The median hospital stay for patients without the MSBPT (36 days) was 
significantly higher than that for patients with the MSBPT (25 days). Although the MSBPT did not modify the rate of complications 
at the cervical levet, it did reduce their severity. A financial study showed the cost-effectiveness of using the MSBPT. Systematic use 
of the MSBPT is recommended after total laryngectomy with partial or total pharyngectomy reconstructed with a pectoralis major 
mvyocutaneous flap. 


KEY WORDS — complications. hypopharynx carcinoma, Montgomery® Salivary Bypass Tube, pectoralis major myocutaneous 
flap, pharyngectomiy. 


INTRODUCTION kind of reconstruction ranges between 22%? and 

The best results in treatment of advanced hypopha- 41%" of cases. 
ryngeal carcinomas are obtained with the combined In 1978, W. W. Montgomery described the Mont 
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use of surgery and radiotherapy.’ Surgery usually im- 
phes a total laryngectomy associated with a total (cir- 
cumferential) or partial pharyngectomy. Following 
excision of the tumor, the ideal reconstruction method 
would be that which could be performed in | stage, 
with the best functional results and the lowest mortal- 
ity and morbidity.* The most commonly used method 
for hypopharyngeal reconstruction at present is free 
microvascular tissue transplantation, mainly a jeju- 
nal loop, but in certain cases the use of myocutaneous 
flaps is indicated. Following excision of the larynx, 
hypopharynx, and esophagus, a gastric tube or gas- 
tric transposition is used. 


gomery® Salivary Bypass Tube (MSBPT: Boston 
Medical Products, Inc, Westborough, Mass), a sili- 
cone tube with an upper, funnel-shaped portion placed 
in the oropharynx, and an inferior cylindrical por- 
tion of various sizes (from 8 to 20 mm diameter) 
that is passed through the reconstructed hypophar- 
ynx to the cervical esophagus® (see Figure). The func- 
tion of the tube consists of directing the saliva to- 
ward the distal esophagus, thus preventing saliva from 
bathing the sutures at the cervical level, and main- 
taining the calibration of the reconstructed segment. 


Our department uses the pectoralis major myocuta- 
neous flap (PMMF) as the method of choice for re- 
constructing the hypopharynx following a laryngo- 
pharyngectomy. The main advantages of this method 
are that it is technically simple from a surgical view- 
point and that it provides a highly vital tissue for 
reconstruction with minimal loss of function. The 
main inconvenience with this method is the frequency 
of cervical complications, the most frequent in our 
experience being pharyngocutaneous fistulas as a re- 
sult of the difficulty in obtaining adequate healing 
between the pharynx mucosa and the PMMF. Au- 
thors estimate that the frequency of fistula after this Montgomery® ® Salivary Bypass Tube. 
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TABLE 1. FREQUENCY AND TYPES OF CERVICAL 
COMPLICATIONS IN RELATION TO USE OF MSBPT 


No MSBPT MSBPT 

(n = 23) (n = 38) 

No complications 6 (26%) 15 (40%) 

Complications 17 (74%) 23 (60%) 
Fistula 14 18 
No fistula 3 5 


MSBPT — Montgomery® Salivary Bypass Tube. 


Indications for use of the MSBPT are prevention and 
treatment of fistulas and strictures produced by sur- 
gical and radiotherapeutic treatment of the hypophar- 
ynx and cervical esophagus.’ 


The objective of this study was to evaluate the effi- 
ciency and the cost-benefit relationship of the 
MSBPT following total laryngectomy with partial 
or total pharyngectomy using a PMMEF in reconstruc- 
tion. 


PATIENTS AND METHODS 


We studied the complications in patients with hy- 
popharyngeal carcinomas subjected to total Jaryngec- 
tomy with partial or total pharyngectomy from 1990 
to 1997. The study was retrospective, starting from 
a database on surgical techniques, postoperative com- 
plications, and functional and oncological results ob- 
tained in patients with head and neck carcinomas 
treated in our center. 


Forty-six of these patients underwent a total laryn- 
gectomy with partial (26 patients) or total pharyngec- 
tomy (35 patients). All were men between 39 and 79 
years old (average 55.2 years), and all presented lo- 
cally advanced-stage squamous cell carcinomas (T3 
and T4) located at the pyriform sinus (57 patients) 
or postcricoid area (3 patients). One patient had 2 
synchronous tumors: a supraglottic T3NO tumor and 
a TINO tumor of the posterior hypopharyngeal wall. 
In 22 patients (36%), surgery was carried out after 
radiotherapy. Complementary treatment with postop- 
erative radiotherapy was given to all non—previous- 
ly irradiated patients. 


All procedures were carried out by the same surgi- 
cal team. The technique used was a total laryngecto- 
my with partial or total pharyngectomy associated 
with radical or functional neck dissection in relation 
to regional stage. The reconstruction of the posterior 
hypopharyngeal wall in case of total pharyngectomy 
was carried out by suturing the esophagus and the 
oropharynx to the prevertebral fascia, then suturing 
a split thickness skin graft to the exposed prevertebral 
fascia portion. The anterior and lateral hypopharyn- 
geal walls were reconstructed by means of a turned- 
in PMMF, partially tubulated in a horseshoe shape. 
The lateral skin flap margins were sutured to the cuta- 


neous graft, the superior margin to the base of the 
tongue, and the inferior margin to the cervical esopha- 
gus, according to the technique described by Fabian? 
and Lee and Loré.’ In the case of partial pharyngecto- 
my, the remaining hypopharyngeal mucosa was su- 
tured to the prevertebral fascia, and a partially tubu- 
lated PMMF was placed. The MSBPT was not used 
in the 22 patients treated between 1990 and 1993, 
but was placed in all except 1 of the 39 patients treat- 
ed as of 1993. 


In relation to MSBPT use, no significant differenc- 
es were appreciated between the two groups regard- 
ing age, stage, or type of surgery (partial versus total 
pharyngectomy). Thirty percent of patients in whom 
MSBPT was not used and 40% in whom the MSBPT 
was used had received preoperative radiotherapy. 
There were no significant differences in relation to 
the use of preoperative radiotherapy between the 
groups (p > .05). 


Enteral feeding was maintained at least till the 14th 
postoperative day, and was then withdrawn if there 
was no evidence of complications at the cervical lev- 
el. In cases of fistula or cervical infection, enteral 
feeding was maintained till resolution of these com- 
plications. The MSBPT was maintained following 
the same criteria as enteral feeding. 


We studied the complications that appeared at the 
cervical level during the postoperative stage, as a 
function of the use of the MSBPT. When several com- 
plications appeared and in order to provide a better 
understanding of the results, only the major complica- 
tion was considered. 


To analyze the severity of the complications at the 
cervical level, and following the criteria of Horgan 
and Dedo,? we defined as major fistulas those that 
persisted longer than 8 weeks and/or required surgi- 
cal repair. Minor fistulas were considered those that 
resolved spontaneously within less than 8 weeks. Fur- 
ther, the duration of the hospital stay was considered 
as an index of the severity of the complications. 


Statistical analysis of the quality variables was car- 
ried out by means of a x? test or by Fisher’s exact 
test, whereas the quantity variables were evaluated 
by means of a nonparametric Mann-Whitney U test. 


RESULTS 


Table 1 shows the frequency and types of compli- 
cations at the cervical level in relation to use of the 
MSBPT. Seventy-four percent of patients in whom 
the MSBPT was not used suffered some kind of com- 
plication, the most frequent of which was pharyngo- 
cutaneous fistula (61% of patients). In the group in 
whom the MSBPT was used, 60% of patients pre- 


866 León et al, Montgomery Salivary Bypass Tube 


TABLE 2. HOSPITAL STAYS IN RELATION TO USE OF MSBPT AND TO APPEARANCE OF COMPLICATIONS 


No MSBPT (n = 23) 


Median 
(d) 
All patients 36 
No cervical complications 19.5 
Cervical complications 40 
Fistula 40 
No fistula 36 


sented complications, and the most frequent was 
again pharyngocutaneous fistula (47% of patients). 
There were no statistically significant differences in 
the frequency of complications at the cervical level 
or of pharyngocutaneous fistula between groups in 
relation to MSBPT use. 


Table 2 shows the median and range of duration 
of hospital stay in relation to MSBPT use and compli- 
cations at the cervical level. There was a significant 
difference in length of hospital stay in relation to the 
use of the MSBPT (p = .04). This difference is ex- 
plained by the group of patients that suffered cervi- 
cal complications: the stay of patients who did not 
suffer complications showed no significant differenc- 
es in relation to MSBPT use (p > .05), while the stay 
for patients who presented cervical complications and 
in whom the MSBPT was not used was significantly 
longer than the average stay for patients with cervi- 
cal complications and the MSBPT (p = .008). 


Four patients suffered hemorrhage at the cervical 
level as an added complication — in all cases associ- 
ated with a salivary fistula. In 2 patients, the MSBPT 
was not used. Hemorrhages appeared between post- 
operative days 5 and 10, corresponding to arterial ves- 
sels of the superior and inferior thyroid artery in 2 
cases, and to rupture of the internal jugular vein and 
carotid artery in the other 2. All hemorrhages were 
solved by surgical revision of the cervical wound. 
The ligature of the carotid artery in the patient with 
carotid rupture did not cause neurologic consequenc- 
es. 


Three patients with pharyngocutaneous fistulas re- 
quired a second surgery to resolve the complication. 
In all cases, a second PMMF was used. In 2 of these 
patients, the MSBPT had not been used. 


Thirty-six percent (5/14) of pharyngocutaneous 
fistulas in the group of patients in whom the MSBPT 
was not used fulfilled criteria of major fistulas, while 
only 17% (3/18) of fistulas in the group in whom the 
MSBPT was used fulfilled these criteria. There were 
no significant differences in the proportion of major 
fistulas in relation to MSBPT use (p > .05). 


Eleven patients (18%) suffered complications at 


MSBPT (n = 38) 


Range Median Range 

(d) n (d) (d) n p 
19-99 23 25 14-58 38 .04 
18-25 6 16 14-31 15 >.05 
20-99 Es 28 14-58 23 .008 
20-80 14 28 14-58 18 03 
29-99 3 25 20-43 5 >.05 


the thoracic level, at the site in which the myocuta- 
neous flap was taken: 5 infections of the thoracic 
wound (all secondary to pharyngocutaneous fistula 
or infection in the cervical wound), 4 wound dehis- 
cences, and 2 hemorrhages. One hemorrhage ap- 
peared on the second postoperative day in a cirrhotic 
patient, requiring surgical revision of the thoracic 
wound. There were no significant differences in the 
frequency of thoracic complications in relation to 
MSBPT use (p > .05). 


Considering all the patients (n = 61), 72% of pa- 
tients who had not been irradiated previously and 
55% of patients who had received preoperative radio- 
therapy suffered complications at the cervical level. 
There were no significant differences in the frequency 
of complications at the cervical level in relation to 
previous radiotherapy (p > .05). When we analyzed 
the frequency of cervical complications in relation 
to previous radiotherapy in the two groups of pa- 
tients, with and without MSBPT, there were also no 
significant differences. 


DISCUSSION 


According to Fabian. the objectives of reconstruc- 
tion techniques in oncological head and neck sur- 
gery should be 1) not to limit the effectiveness of the 
ablative technique; 2) to enable reconstruction in a 
single surgical stage with short hospitalization; and 
3) to lower mortality and morbidity rates. In our opin- 
ion, an additional objective should be to provide com- 
plementary radiotherapy without causing additional 
problems. 


Following total laryngectomy associated with phar- 
yngectomy, there are a variety of reconstruction pos- 
sibilities that depend on the quantity of resected mu- 
cosa. Hui et all established that a pharyngeal rem- 
nant of 1.5 cm relaxed or 2.5 cm-stretched width was 
adequate to maintain swallowing function after pri- 
mary closure. The authors do not specify the use of 
preoperative or postoperative radiotherapy, which 
could significantly influence the results obtained. 
When closure with direct suture is inadvisable, dif- 
ferent options may be chosen. According to Loré et 
all by using a sliding posterior tongue flap for an- 
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terolateral wall repair and a dermal graft for poste- 
rior wall repair, it is possible to repair defects of a 
circular laryngopharyngectomy of up to 8 cm. A high- 
er degree of complexity exists in using myocutane- 
ous flaps, the most used being the PMMF, either with 
suture to the margins of the residual hypopharyngeal 
mucosa, in case of partial pharyngectomies, or tubu- 
lated, in total pharyngectomies. Fabian* recommends 
partial tubulation in cases of total laryngopharyngec- 
tomy, reconstructing the posterior wall by suturing a 
split thickness skin graft to the prevertebral fascia, 
and using a partially tubulated PMMEF in a horseshoe 
shape to reconstruct the anterior and lateral walls. 
Finally, one alternative that is being used with in- 
creasing frequency is the microanastomosed jejunal 
and forearm flap. 


We consider that reconstruction with a PMMF is 
in compliance with the criteria established by Fa- 
bian,” as it does not limit the surgical exeresis, al- 
lows immediate reconstruction, and has a fairly low 
morbidity in relation to obtaining the flap. Compared 
to reconstruction with free flaps, it has the advan- 
tage of lacking the technical complexity that is in- 
herent to microanastomosis, as well as the possible 
abdominal morbidity that exists when using a jeju- 
nal flap. 


Considering that certain reconstruction problems 
after oncological head and neck surgery are better 
solved by microanastomosed free flaps, our center 
is presently developing their application in complex 
forms of reconstruction. 


The main postoperative complication associated 
with reconstruction with a PMMF is the appearance 
of fistulas caused by escape of saliva at the suture 
level of the myocutaneous skin flap in its new cervi- 
cal location. Such fistulas add a notable morbidity at 
the cervical wound level. 


According to consulted authors, the rate of appear- 
ance of fistulas is variable. Lau et al!? report percent- 
ages of fistulization of 8% for total laryngectomy 
and partial pharyngectomy cases, and 39% for total 
pharyngolaryngectomy cases reconstructed with a 
PMMF. Cusumano et al!? reported a frequency of 
fistulization of 36%, and Withers et al? of 22% for 
partial and total laryngopharyngectomies together. 
Fabian,* who used a surgical technique similar to 
ours, including a salivary tube, described a fistuliza- 
tion frequency of 41%. This fistulization problem at 
the interface between mucosa and skin is not exclu- 
sive to the hypopharynx. In a review by Shah et al!4 
on the complications associated with the use of 214 
PMMBs, with preferential use at the oral cavity and 
oropharynx, the global rate of fistulization was 29%. 


At medium term, one of the complications that 
might appear after reconstructing the hypopharynx 
with a PMMF is dysphagia associated with hypopha- 
ryngeal stenosis, usually at the level of the inferior 
suture of the PMMF to the esophagus mucosa. In 
order to prevent this complication, Lam et al!> point 
out that this inferior suture, rather than being circu- 
lar, should be made with interdigitations that would 
limit the tendency to circular contracture. 


The MSBPT is designed to solve these problems: 
on one hand, the saliva does not bathe the suture as 
it circulates through the tube, and on the other hand, 
the MSBPT maintains the calibration of the suture 
of the flap with the esophagus. In case of fistuliza- 
tion, as most saliva would circulate through the 
MSBPT, the flow from the fistula is expected to be 
less, thus favoring spontaneous resolution. 


The rate of fistulization in our study is higher than 
results in the literature, corresponding to 61% of pa- 
tients in whom MSBPT was not used, and 47% when 
it was used. We think that this higher frequency of 
complications may be due to the general poor state 
of our patients with hypopharyngeal carcinomas: al- 
most all of them were frequent tobacco and alcohol 
users, had poor nutrition, and presented advanced tu- 
mors requiring extended exeresis, in many cases fol- 
lowing recurrence at the local level after radiotherapy. 


There is accord between different authors that the 
appearance of postoperative complications, especial- 
ly pharyngocutaneéous fistulas, prolongs the hospital 
stay.!619 The duration of the hospital stay and the 
need for new surgical procedures are parameters that 
we can use to assess the severity of complications 
associated with head and neck surgery. 


The use of the MSBPT did not cause a significant 
decrease in the frequency of cervical complications 
or fistulization, but a tendency toward less severity 
was appreciated: 39% of the fistulas in the group in 
which the MSBPT was not used met the criteria of 
major fistula, as compared to 17% in the group in 
which the MSBPT was used. 


Taking the length of hospital stay as a parameter 
to measure morbidity associated with complications, 
some significant differences were observed m rela- 
tion to the use of the MSBPT: the median length of 
stay when the MSBPT was not used was 36 days, 
whereas it was 25 days when it was used (p = .04). 
The significant differences in the periods of hospital 
stay were mainly due to the group of patients pre- 
senting fistulas. Considering only those patients 
whose cervical complication was a fistula, the me- 
dian length of hospital stay when the MSBPT was 
not used was 40 days, and 28 days when it was used 
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(p = .008). Neither the group with no complications 
nor those patients with complications other than fis- 
tula showed significant differences in the average 
length of hospital stay in relation to the MSBPT. 


In those patients who presented a fistula and in 
whom the MSBPT was used, an additional advan- 
tage was that with the reduction of salivary flow 
through the fistula, there was a clear decrease in the 
need for daily wound care and dressings, which con- 
tributed to greater patient comfort. 


We agree with Keidan and Kusiak?® that the use 
of a PMMF on previously irradiated ground does not 
increase the frequency of complications at the cervi- 
cal level. 


The price of an MSBPT for our center is equiva- 
lent to 1.9 days’ hospital stay. Considering that the 
difference between median hospital stays between 
the groups of patients with respect to use of the 
MSBPT was 11 days, the use of the MSBPT in this 
kind of surgery proves to be cost-effective. 





The only inconvenience with the MSBPT as re- 
ported by patients was the sensation of a foreign body 
in the oropharynx on swallowing, causing discom- 
fort of various degrees. 


In spite of the fact that our study includes a limit- 
ed number of patients and that we did not assign the 
use of the MSBPT in a randomized way, given the 
uniformity of the disease involved and since all the 
patients were consecutively operated on by the same 
surgical team using the same surgical technique, we 
consider that conclusions can be drawn. The use of 
the MSBPT in reconstruction of the hypopharynx 
with a PMMF following total laryngectomy with par- 
tial or total pharyngectomy, though not contributing 
to significantly reduce the rate of postoperative cervi- 
cal complications, does decrease their severity and 
the period of hospital stay. The cost-benefit ratio 
clearly favors the use of the MSBPT. We therefore 
recommend its systematic use in this kind of interven- 
tion. 
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Nitric oxide (NO) is a free radical gas that has been found to be produced in neuronal cells by the action of the enzyme brain 
nitric oxide synthase (bNOS). The aim of this study was to identify NO-containing nerve structures in the human nasal mucosa by 
localizing bNOS and to find out whether NO production is attached to the parasympathetic system. For this purpose, immunocyto- 
chemistry with antibodies to bNOS and neurofilament was performed. Additionally, nicotinamide-adenine dinucleotide phosphate 
diaphorase (NADPH-d), an enzyme that correlates with the localization of NO synthase, and acetylcholinesterase were visualized in 
a histochemical double staining technique on frozen sections. The NADPH-d and bNOS reactions were found in axons of nerve 
bundles and in subepithelial, glandular, and vascular nerve fibers. Arteries showed a distinctly developed nitric innervation, whereas 
no activity was found in nerve fibers supplying veins. A high coexistence of NADPH-d in parasympathetic nerves could be detected. 
These findings suggest that NO takes part in the nerve control functions of the human nasal mucosa. 


KEY WORDS — brain nitric oxide synthase, human nasal respiratory mucosa, nicotinamide-adenine dinucleotide phosphate 


diaphorase, nitrergic innervation, nitric oxide. 


INTRODUCTION 


The different functions of the nasal mucosa are 
regulated by a variety of endogenous and exogenous 
factors. In addition to classic and peptidergic neuro- 
transmitters, another transmitter is found increasingly 
to be important in the neuronal control of the various 
physiological processes.!-3 It is well known that nitric 
oxide (NO) acts as a neuronal transmitter in the cen- 
tral and peripheral nervous system.‘ Studies per- 
formed on rat nasal tissue samples demonstrated en- 
dogenous NO production in nerve fibers by enzyme 
labeling techniques.>© Further, it was assumed that 
NO plays a certain role in olfaction.’? Additionally, 
this endogenously formed free radical gas is sup- 
posed to have a variety of other important effects, 
eg, on blood flow regulation and human immunol- 
ogy. Nitric oxide influences macrophage activity and 
has certain antiviral properties.!° The physiological 
concentration of airway-derived NO in healthy sub- 
jects is high enough to have bacteriostatic effects. It 
is one of the most important factors in maintaining a 
low bacterial level in the paranasal sinuses of hu- 
mans.!! There is some evidence that NO increases 
the ciliary beat frequency of the respiratory epithe- 
lium in defined concentrations.!2 Additionally, Puy- 
basset et al!3 have been able to demonstrate that the 


pulmonary blood flow is influenced by NO. 


Nitric oxide is produced by nitric oxide synthase 
(NOS) using L-arginine as a substrate. Three different 
isoforms of the enzyme have been cloned so far.!4 
Neuronal or brain NOS (bNOS) and epithelial NOS 
(eNOS) are dependent on calcium influx; the third 
isoform (independent NOS; iNOS), however, is in- 
dependent of elevated calcium levels and can be in- 
duced by cytokines and bacterial lipopolysaccharide. 


Nitric oxide synthases have been correlated with 
a reactivity for nicotinamide-adenine dinucleotide 
phosphate diaphorase (NADPH-d).!5-!© Comparing 
the staining patterns of both enzymes in different 
mammals demonstrated that even though all NOSs 
possess NADPH-d activity, not all NADPH-d activ- 
ity is due to NOS activity.417-18 


Nitric oxide is chemically instable and therefore 
difficult to detect. Thus, its importance as a neuro- 
transmitter could only be noticed after purification 
of the enzyme bNOS, from which specific antisera 
could be obtained.!? Already in 1987, Palmer et al?° 
had found evidence for NO’s being identical to a sub- 
stance known at that time as endothelium-derived 
relaxing factor. This molecule was known to diffuse 
from the endothelium to mediate the relaxation of 
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blood vessels. Although the histochemical procedure 
showing the activity of NADPH-d with nitroblue 
tetrazolium and nicotinamide-adenine dinucleotide 
phosphate (NADPH) had been developed earlier, co- 
existence of this factor and NOS in many tissues was 
noticed only a few years ago, when NOS antisera 
became available.!8.21.22 Since then, the location of 
NADPH-d activity and the immunoreactivity of the 
different NOS isoforms have been investigated in 
various tissues, indicating a role of NO in, for ex- 
ample, smooth muscle relaxation. 


The target of this study was to identify NO-pro- 
ducing nerve structures in the human nasal mucosa 
by localizing NADPH-d with the histochemical 
procedure first described by Vincent and Kimura!’ 
and bNOS immunocytochemistry. Since bNOS or 
NADPH-d is frequently found in parasympathetic 
neurons, a double-staining procedure was performed 
to detect a possible correlation of NO and cholinergic 
axons in human nasal mucosa.23,24 


MATERIAL AND METHODS 


Sampling of Nasal Mucosa. Specimens of inferior 
turbinates were received from 42 patients (32 men, 
10 women; 22 to 59 years; mean age 35.3) who re- 
quired nasal surgery due to mechanically induced 
nasal congestion (hypertrophic concha or septal de- 
viation). Tissue samples for histochemistry were 
fixed in 4% phosphate-buffered paraformaldehyde 
solution for 2 hours at 4°C and cryoprotected in su- 
crose solution, snap-frozen in liquid nitrogen, and 
stored at —20°C. Finally, sections (8 to 15 um thick- 
ness) were cut with a cryostat (Reichart-Jung). For 
bNOS immunocytochemistry, unfixed samples were 
snap-frozen in liquid nitrogen and sections of 5 to 9 
um were cut. For morphological and clinical eval- 
uation, the first sections were stained with Mayer’s 
hemalum. Inflamed tissue was excluded. 


Immunocytochemistry. Cryosections were air-dried 
for 30 minutes, fixed in ice-cold acetone for 10 min- 
utes, and air-dried for 30 minutes. After blocking of 
endogenous peroxidase by immersion in 0.002% hy- 
drogen peroxide solution in phosphate-buffered sa- 
. line (PBS), the sections were preincubated with nor- 
mal horse serum (neurofilament) or normal goat se- 
rum (bNOS) in PBS. For detection of bNOS, sections 
were incubated at room temperature with an antibody 
raised against neuronal NOS isolated from rat cere- 
bellum diluted 1:100 at room temperature for 1 hour 
or 1:1,500 overnight (4°C). Alternatively, an antibody 
raised against a protein fragment of human bNOS 
(Transduction Laboratories, Lexington, Ky) diluted 
1:100 overnight (4°C) was used. Serial sections were 
incubated at room temperature for 1 hour with a 


monoclonal antibody to neurofilament (dilution 1: 
100) reacting with the phosphorylated form of the 
200 kd and the 70 kd components of the 3 major 
polypeptide subunits (DAKO Diagnostika, Ham- 
burg, Germany). Controls consisted of omitting the 
primary antibody in the staining procedure and incu- 
bating serial sections with rabbit IgG (DAKO Diag- 
nostika) diluted to the same concentration as the NOS 
antibody. No specific immunoreactions were ob- 
served. Biotinylated anti-rabbit IgG (bNOS) or anti- 
mouse IgG (neurofilament) at a dilution of 1:200 was 
applied for 30 minutes at room temperature. Finally, 
the immunocomplexes were visualized by the avidin- 
biotin-complex method and the chromogen amino- 
ethylcarbazol. At the end of the immunocytochemical 
procedures, counterstaining with Mayer’s hemalum 
was performed. 


Histochemistry. Reactivity to NADPH-d was dem- 
onstrated by the histochemical method of Vincent 
and Kimura,!> modified by Neuhuber et al.25 Fro- 
zen sections were immersed in a solution consisting 
of nitroblue tetrazolium (0.1 mg/mL), B-NADPH 
(1.0 mg/mL), and Triton-X 100 (0.3%) in phosphate 
buffer for 50 minutes. Control sections were prepared 
by omitting B-NADPH. Following NADPH-d histo- 
chemistry, cholinergic structures were localized with 
the method for acetylcholinesterase (AChE) first de- 
scribed by Karnovsky and Roots 28 For this double- 
staining procedure, sections were incubated with so- 
dium citrate (0.1 mol), cupric sulfate (0.03 mol), po- 
tassium-ferricyanide (0.005 mol), tetraisopropyl py- 
rophosphoramide, and acetylthiocholine iodide dis- 
solved in sodium hydrogen-maleate buffer (0.1 mol, 
pH 6.0) for 40 minutes. Finally, all sections were 
mounted with Kaiser’s glycerin gelatin, evaluated, 
and documented through bright-field microscopy. 


RESULTS 


The NADPH-d histochemistry showed positive re- 
actions in epithelial, endothelial, and neuronal struc- 
tures. Enzyme activity was located in the cytoplasm 
of mucosal, but also of ductal and glandular, epithe- 
lial cells. Compared to the epithelium, the endothe- 
lium of arteries and veins showed a weaker staining 
intensity. Positive nerve fibers were distributed in 
all regions of the human nasal inferior turbinate mu- 
cosa. They could be detected in thick nerve bundles 
adjacent to the turbinate bone (Fig 1A) as well as in 
smaller axon bundles. Especially in dense nerve plex- 
uses around thick arteries, reactivity was observed 
(Fig 2). However, it was impossible to demonstrate 
NADPH-d in the few nerve fibers supplying the ve- 
nous vessels of the nasal cavernous tissue. The neu- 
ronal network of the acini of seromucous glands 
showed NADPH-d reactivity (Fig 3A). Additionally, 
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Fig 1. Thick nerve bundles in nasal mu- 
cosa of humans. A) Acetylcholinesterase 
(AChE) and nicotinamide-adenine dinu- 
cleotide phosphate diaphorase (NADPH- 
d) histochemistry (original x320). Shows 
evident colocalization of both enzymes 
(AChE, brown; NADPH-d, blue). B) Im- 
munocytochemistry of brain nitric oxide 
synthase (bNOS)-—positive (red) longitu- 
dinally cut axons (avidin-biotin-complex 
[ABC] technique, Mayer’s hemalum, 
original x200). C) Cross section of nerve 
with some bNOS-immunoreactive ax- 
ons (ABC technique, Mayer’s hemalum, 
original x400). 
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fine nerve fibers around excretory ducts could be 
stained (Fig 3B). The NADPH-d-positive fibers in 
the subepithelial layer were found very close to the 
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epithelium in some cases; however, they never pene- 
trated into the epithelium (Fig 4). The double staining 
procedure (NADPH-d—ACh E) revealed a coexistence 


Fig 2. Transversely cut arterial vessels 
(A; original x160). AChE—-NADPH-d 
double staining of periarterial nerve fi- 
bers. More cholinergic (brown) than ni- 
trergic (blue) axons (arrows) are present. 
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Fig 3, Nitrergic innervation in human nasal glandular structures (original x160). A) Fine network of AChE- and ? ‘A DPH-d~ 


stained fibers (arrows) around acini of 





seromucous glands (G). B) Single NADPH-d—positive nerve fibers (arrows 


Ak 


) running 


along excretory ducts (ED) of nasal gland. Shows adjacent nerve bundle (N) with some positive axons. 


of both enzyme activities in axons of the lamina pro- 
pria of the respiratory nasal mucosa. As expected, 
AChE was also located in neurons that did not show 
NADPH-d staining (Figs 1-4). Brain NOS immuno- 
cytochemistry confirmed the results found in histo- 
chemistry. With this method, NO neurotransmitter 
synthesis could be demonstrated in thick nerve bun- 
des (Figs 1B and 5A) as well as in subepithelial and 
arterial nerve fibers (Figs 2 and 6A). In addition, im- 
munocytochemistry with antibodies to neurofilament 
on serial sections was used to confirm the neuronal 
localization of bNOS immunoreactivity (Figs 5B and 














Fig 4. AChE-NADPH-d double staining of solitary sub- 
epithelial nerve fiber (arrows; original x250), E — epi- 


thelium, 


6B). This technique was useful in facilitating ana- 
tomic orientation and in estimating the number of ax- 
ons labeled by neuronal NOS antibodies. By summa- 
rizing our histochemical and immunocytochemical 
observations on enzymes of NO synthesis in nerves, 
we can assume that small amounts of the neurotrans- 
mitter NO are distributed in all regions of the nasal 
mucosa. 











DISCUSSION 


Since NADPH-d is generally considered an indi- 
rect marker for all NOS isoforms, histochemical la- 
beling of this enzyme provides an overview of all 
NO-producing structures, including neuronal, endo- 
thelial, and epithelial cells.!5-!© Furthermore, histo- 
chemical NO tracing could be confirmed by bNOS 
immunocytochemistry. To specify neuronal NO syn- 
thesis, it was necessary to compare the bNOS find- 
ings to serial sections stained by neurofilament im- 
munocytochemistry, Thus, it was possible to visual- 
ize NO in axons of human inferior turbinate with 
histochemical and immunocytochemical techniques. 
Additionally, the results of double staining histo- 
chemistry (NADPH-d—AChE) were consistent with 
findings made in other organs, showing that NO is 
localized in parasympathetic structures. 











Neuronal NO Production. In a variety of tissues, 
neuronal NO production has already been histochem- 
ically and/or immunohistochemically demonstrated. 
Positive nerve fibers have been detected, eg, in the 
blood vessels of the brain,*’ the hypothalamic portal 
system,” and the tongue. In the respiratory tract, 
nitrergic nerve fibers have been found in the trachea 
and lung of guinea pigs.2?20 





Kulkarni et al® investigated nitrergic innervation 
in nasal mucosa of rats and humans by using histo- 
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Fig 5. Longitudinally cut smaller nerve bundles (N; ABC technique, Mayer's hemalum, original x200). A) Immunocyto- 
chemical reaction (brown) to bNOS. B) Serial section of same nerve bundles marked by neurofilament antibodies. 


chemical and immunocytochemical techniques. They mucous glands and some single axons around acini, 
reported that NOS immunoreactivity is mainly local- as already observed on histochemistry. Fibers run- 
ized in perivascular nerve fibers. In our samples, ning parallel to the epithelium were observed in most 
we found NOS-reactive nerve bundles near the sero- of the cases. Perivascular nerve fibers predominated 


Fig 6. Nitrergic innervation pattern (arrows) of 
2 (A,B) longitudinally cut arteries (ABC tech- 
nique, Mayer’s hemalum, original x160). L — 
lumen; M — tunica media. 
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in the adventitia of arteries of various calibers, but 
were not found in venous vessels. This vascular in- 
nervation, however, was distributed in the entire lam- 
ina propria of the human nasal mucosa and not only 
in the deep vascular layer, as described by Kulkarni 
et al. The present results can possibly be explained 
by the various localizations and sampling procedures 
of the tissue.'” Kulkarni et al used postmortem ma- 
terial after different periods of time, they did not spec- 
ify the site of the nasal mucosa the samples were tak- 
en from, the cryosections were thicker (15 um), and 
the fixation solution was different. Thus, our find- 
ings suggest more extensive innervation in humans. 


In rats, however, Kulkarni et al® and Hanazawa 
et al found a more dense nitrergic innervation in 
blood vessels and glands. Hanazawa et A described 
NADPH-d-—reactive nerve fibers distributed all over 
the lamina propria. Dense nerve fiber plexuses were 
detected around the acini of seromucous glands and 
arterial blood vessels. In contrast to our findings in 
humans, they even described positive nerve fibers 
surrounding smaller blood vessels such as venules 
and capillaries.” Hanazawa et al> and Kulkarni et al® 
also found nerve fibers in the respiratory epithelium 
of the nasal mucosa of rats, which could not be de- 
tected in our sections of human tissue. 


Nutrergic-Cholinergic Coexistence. Our studies 
showed a striking colocalization of NADPH-d and 
AChE in all nerve structures of the nasal mucosa by 
applying a double staining procedure. Similarly, in 
investigating the nitrergic innervation of the pancreas 
in rats and humans, it was also presumed that the 
labeled fibers were of parasympathetic origin.!? In 
the esophagus of humans and other species, a nitrer- 
gic-cholinergic coexistence of enteric neurons could 
be found by NADPH-d—AChE double staining and 
NOS immunocytochemistry.24-7> 


Working on rat tissue samples, Hanazawa et al? 
investigated the expression of NADPH-d in the nasal 
mucosa and its ganglia in the rat. They demonstrated 
NADPH-d activity in all perikarya of the pterygo- 
palatine ganglion. This ganglion contains the neurons 
supplying the parasympathetic petrosus minor nerve, 
which innervates the nasal mucosa. In contrast to 
these findings, there were no reactions in the nerve 
cell bodies of the sympathetic superior cervical gan- 
glion. Some neurons in the gasserian sensory gan- 
glion, however, could be labeled. Considering the 
distribution of neuronal structures in the ganglia lead- 
ing to the nasal cavity, it seems likely that NO par- 


ticipates in neurotransmission of the parasympathetic 
nervous system and parts of the sensory nervous sys- 
tem of rat nasal mucosa. The colocalization of AChE 
and NADPH-d in humans as observed in our study 
underlines that the messenger molecule NO should 
be assigned to the parasympathetic nervous system. 


Nitric Oxide as Sensory Transmitter. Nitric oxide 
is also said to act as a transmitter molecule in sensory 
neurons. Aimi et a! described NADPH-d—positive 
neurons in the sensory ganglia of the rat. Also, in 
the lower airways of the guinea pig, the existence of 
nitrergic sensory neurons was discussed.*“ It has been 
supposed that NADPH-d—labeled neurons in the 
gasserian ganglion are identical to the perikarya of 
sensory nerve fibers from nasal mucosa.° Although 
it is still controversial whether NOS is located in 
olfactory receptor neurons, it has been suggested that 
NO at least modulates olfactory sensory transduction 
through perireceptor events DH 


Within our study we could not find any differences 
between the location of bNOS in immunocytochem- 
istry and the nerve structures stained with NADPH- 
d histochemistry. Nevertheless, there have been dif- 
ferences described by several authors, who did not 
find a strict correlation between NADPH-d enzyme 
activity and neuronal NOS immunoreactivities.©!7.!8 
A likely explanation for the inconstant correlation 
might be that NADPH-d can possibly be expressed 
without being dependent on NOSe 27 and that some 
other enzymes such as oxygenases and nonspecific 
phosphatases can catabolize NADPH.** It cannot be 
excluded, either, that NADPH-d may be associated 
with some still-unknown NOS isoenzyme that does 
not react to any of the antisera used. 


Summarizing, we can say that by histochemical 
and immunocytochemical techniques, enzymes im- 
portant for NO synthesis (NADPH-d: bNOS) could 
be detected in nerves of the human nasal mucosa. 
Additionally, a histochemical double staining proce- 
dure showed a close relationship between NADPH- 
d-positive nerve fibers and the cholinergic nerves. 
Compared to other histochemical (AChE) and im- 
munocytochemical markers (eg, tyrosine hydroxy- 
lase), the staining intensity of neuronal NO enzymes 
seemed to be less intense; nevertheless, they could 
be observed in axons widely distributed in nasal mu- 
cosa. These findings lead us to propose that NO also 
acts as a neurotransmitter in the human nasal mucosa 
and can be assigned to parasympathetic nerve struc- 
tures, 
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UNILATERAL TONSILLAR ENLARGEMENT AND TONSILLAR 
LYMPHOMA IN CHILDREN 


ROBERT G. BERKOWITZ, MD, FRACS MURALI MAHADEVAN, FRACS 
MELBOURNE, AUSTRALIA 


The clinical presentation and surgical and pathological findings of 46 children with unilateral tonsillar enlargement (UTE; age 
range 2 to 13 years, mean age 6.5) who underwent tonsillectomy for biopsy purposes between 1975 and 1995 were compared with 
those of 7 children who received treatment for tonsillar lymphoma (TL; age range 2 to 9 years, mean age 4.8) during the same period. 
There was no history of rapid tonsillar enlargement in children in the UTE group, and only 20 (43%) were symptomatic. Symptoms 
included recurrent sore throats in 10 patients (22%), snoring in 5 (11%), nasal obstruction in 4 (9%), and dysphagia in 1 (2%). No 
children had systemic symptoms or significant cervical lymphadenopathy. In contrast, tonsillar enlargement was observed to occur 
within a 6-week period in all children with TL, and 6 (86%) children had symptoms at presentation that included dysphagia in 5 
(71%), snoring in 3 (43%), night sweats in 2 (29%), and fever and rigors in 2 (29%). Cervical lymphadenopathy greater than 3 cm 
was present in 6 (86%) children, while 1 child (14%) had hepatosplenomegaly. There was no histopathologic evidence of neoplasia 
in the UTE group, and a true discrepancy in size between the two tonsils was confirmed in only 21 of 44 (48%) cases. All 7 patients 
in the TL group had non-Hodgkin’s lymphoma. All received chemotherapy, with 5 of the 7 cured and 2 dying of disease. The data 
suggest that tonsillectomy should be performed for biopsy purposes in UTE where there is a history of progressive enlargement, 
significant upper aerodigestive tract symptoms, systemic symptoms, suspicious appearance of the tonsil, cervical lymphadenopathy, 
or hepatosplenomegaly. The diagnosis of TL should also be considered when UTE is present in an immunocompromised child or one 
with a previous malignancy, when acute tonsillitis is asymmetric and unresponsive to medical treatment, or when rapid bilateral 
tonsil enlargement occurs. Observation is appropriate management for other cases of UTE. 


KEY WORDS -— tonsillar lymphoma, unilateral tonsillar enlargement. 


INTRODUCTION without associated peritonsillar cellulitis or abscess. 
Vincent’s angina and diphtheria are rare. Viruses in- 
clude Epstein-Barr virus, cytomegalovirus, and a va- 
riety of less specific viral infections responsible for 
pharyngotonsillitis that may be asymmetric, such as 
myxovirus, picornavirus, respiratory syncytial virus, 
and reovirus.! 


Unilateral tonsillar enlargement (UTE) or asym- 
metry of the size or appearance of the tonsils in the 
absence of acute infection is a relatively common 
finding in children and is often discovered inciden- 
tally. While tonsillar lymphoma (TL) and other ma- 
lignancies of the tonsils are rare in children, the pres- 
ence of UTE does raise this possibility and may there- 
by create significant anxiety for the parent and child, 
and occasionally also the treating physician. 


Chronic infections to be considered include tuber- 
cular tonsillitis, actinomycosis, and congenital syphi- 
lis.! Tonsillar hypertrophy, which may occur in re- 

Unilateral tonsillar enlargement in children may TABLE 1. CAUSES OF UNILATERAL TONSILLAR 
be an apparent rather than a true enlargement and be ENLARGEMENT IN CHILDREN 
due to one tonsil’s sitting in a more medial position 
in the tonsillar fossa relative to the other tonsil. This 
can be confirmed clinically by making the child gag 
to highlight the outline of the tonsils deep to the an- 


Apparent enlargement 
True enlargement 
Non-neoplastic 


i S e ; : Acute infective 

terior tonsillar pillars and allow direct comparison Bacteri 
. ; acterial 
of the size of the two tonsils. The tonsil can also be Vj 
: 8 R : iral 

displaced medially by a peritonsillar abscess or a SA 

EC? d Chronic infective 
parapharyngeal mass. Deet 

There is little discussion in the medical literature Congenital 
regarding causes of UTE.! A summary of the causes Neoplastic 
of UTE in children is listed in Table 1. Acute infec- Benign 
tive causes include streptococcal tonsillitis with or Malignant 
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TABLE 2. PRESENTING SYMPTOMS AND SIGNS IN 
UTE AND TL GROUPS OF PATIENTS 


HI __ ah 
Symptoms and Signs No. % No. % 
Asymptomatic 26 57 I 14 
Symptomatic 20 43 6 86 
Local symptoms 
Recurrent sore throat 10 22 d 0 
Snoring 5 ll 2 43 
Nasal obstruction 4 9 d 0 
Dysphagia i 2 > Jl 
Systemic symptoms 
Night sweats 0 0 2 29 
Fever and rigors 0 0 2 29 
Cervical lymphadenopathy >3 cm 0 A 6 86 
Hepatosplenomegaly 0 0 I 14 


UTE — unilateral tonsillar enlargement, TL — tonsillar lymphoma. 


sponse to repeated infections, is frequently unilateral. 
Congenital tonsillar masses include teratoma, which 
has been well described,? hemangioma, lymphangi- 
oma, and cystic hygroma. 


Benign neoplasms of the tonsil, which are relative- 
ly rare, were discussed by Hyams? in his review of 
1,916 cases of tonsillar neoplasms. Most malignant 
neoplasms of the tonsil in children are lymphomas,” 
while squamous cell carcinoma, which is responsible 
for 85% to 90% of tonsillar malignancies in adults,! 
is rare in the pediatric age group. 


Lymphomas of Waldeyer’s ring are typically non- 
Hodgkin’s lymphomas.®’ The 10 children with TL 
under 10 years of age reported by Hyams? included 
9 with non-Hodgkin’s lymphoma and 1 with Hodg- 
kin’s lymphoma. Most of these lymphomas were B- 
cell in origin. Shima et al® found that 38 of 43 Wal- 
deyer’s ring lymphomas in which immunophenotyp- 
ing was performed were identified as being B-cell in 
origin, while Chan et al? found all of their 20 cases 
of Waldeyer’s ring lymphomas outside the nasophar- 
ynx to express the B-cell phenotype. 


In managing a child with UTE, the risks associ- 
ated with unnecessary tonsillectomy must be bal- 
anced against those of delayed diagnosis of a TL. To 
help identify those children who require early biopsy, 
we reviewed the experience at our institution of chil- 
dren with UTE who underwent tonsillectomy for bi- 
opsy purposes over a 21-year period and compared 
the clinical presentation and the surgical and patho- 
logical findings with those of children who received 
treatment for TL in our institution over the same pe- 
riod of time. 

METHODS 
A chart review was carried out of 46 children with 


a diagnosis of UTE who were admitted to the Otolar- 
yngology Department for biopsy tonsillectomy at the 


. Royal Children’s Hospital, Melbourne, Australia, be- 


tween January 1, 1975, and December 31, 1995. The 
charts of 7 children who underwent treatment at our 
institution for TL over the same period of time, with- 
out nécessarily having their initial biopsy at the Royal 
Children’s Hospital, were also reviewed. Informa- 
tion was extracted regarding clinical presentation, 
laboratory investigations, surgical findings, histopath- 
ologic results, and outcome in the two groups of pa- 
tients. 


RESULTS 


The age range of the 46 (26 male, 20 female) chil- 
dren in the UTE group was 2 to 13 years (mean 6.5), 
and that in the 7 (5 male, 2 female) children with TL 
was 2 to 9 years (mean 4.8). 


The presenting symptoms and signs of the UTE 
and TL groups of patients are listed in Table 2. All 
children with TL were noted to have rapid tonsillar 
enlargement that developed over 2 to 6 weeks, and 
their presentation was characterized by local and sys- 
temic symptoms and marked cervical lymphadenopa- 
thy. All underwent biopsy soon after their initial pre- 
sentation. 


Eleven children from the UTE group were initially 
observed for a period ranging between 2 and 24 
months (mean 6.6) prior to their surgery; however, 
the other 35 were scheduled for surgery at their first 
presentation. None of those in the UTE group had a 
history of rapid tonsillar enlargement, and only 20 
(43%) were symptomatic. No child had systemic 
symptoms or cervical lymph node enlargement to 
greater than 3 cm in size. 


All children with TL and 35 of those with UTE 
underwent laboratory investigations that included full 
blood count, erythrocyte sedimentation rate, and urea, 
electrolyte, and liver function tests. Two children with 
UTE had mild normochromic anemia (hemoglobin 
99 and 101 g/L, normal range 115 to 135). Three chil- 
dren with TL had abnormal liver function test re- 
sults (gamma glutamyltransferase 75, 200, and 240 
U/L in the 3 children, normal range 0 to 40; and aspar- 
tate amino-transferase 65 and 90 U/L in 2 children, 
normal range 10 to 45), and 3 had elevated erythro- 
cyte sedimentation rates (45, 60, and 70 mm/h, nor- 
mal range 0 to 6). Chest x-rays, performed in all 7 
children with TL, showed bilateral hilar lymphade- 
nopathy in 3. 


The surgical procedures performed are shown in 
Table 3. A comparative measurement of the size of 
the tonsils was made by the pathologist when bilat- 
eral tonsillectomy was performed. There was a signif- 
icant difference in size in all 4 cases of TL, but only 
in 21 of 44 (48%) cases of UTE. The histopatholog- 
ic diagnosis in the UTE group was chronic tonsillitis 
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TABLE 3. SURGICAL PROCEDURES PERFORMED 
IN UTE AND TL GROUPS OF PATIENTS 


Surgery UTE TL 
Tonsil biopsy l 2 
Unilateral tonsillectomy I l 
Bilateral tonsillectomy 23 4 
Adenotonsillectomy 21 0 
Cervical lymph node biopsy in addition 0 6 


in 32 children, reactive lymphoid hyperplasia in 10, 
and acute tonsillitis in 4. All 7 children in the TL 
group had non-Hodgkin’s lymphoma, which included 
1 Burkitt’s lymphoma, 2 B-cell lymphomas, and 4 
lymphomas in which immunophenotyping was not 
carried out. 


Three children in the UTE group required readmis- 
sion: 2 (4.3%) with secondary hemorrhage that settled 
spontaneously and 1 (2.2%) with dehydration. There 
were no postoperative complications in the TL group; 
however, 2 children went on to develop distant re- 
lapse and died despite further treatment. The remain- 
ing 5 are alive and well. 


DISCUSSION 


The typical presentation of TL in our study was 
one of rapid unilateral enlargement of the tonsil, of- 
ten associated with local and systemic symptoms and 
cervical lymphadenopathy. This presentation resem- 
bles that of acute infective UTE, and suggests that 
the diagnosis of TL should be considered particular- 
ly in the child who presents clinically with acute ton- 
sillitis where there is asymmetric tonsillar enlarge- 
ment. Laboratory investigations may not help to dif- 
ferentiate between infection and lymphoma, but a 
chest x-ray may indicate a diagnosis of TL if hilar 
lymphadenopathy is detected. 


In contrast, we found no cases of TL among the 
46 children in whom UTE was long-standing and 
not associated with systemic symptoms or cervical 
lymphadenopathy. Suspicion of TL in this clinical 
setting is very low, and initial management by ton- 
sillectomy for biopsy purposes is not warranted. It 
may, however, be difficult at the first presentation to 
determine whether UTE is long-standing or of re- 
cent onset. Similarly, a true discrepancy in size be- 
tween the two tonsils was only found in 48% of the 
UTE group; this percentage highlights the importance 
of careful clinical assessment to differentiate between 
a unilaterally enlarged tonsil and one that is sitting 
in a more medial position in the tonsillar fossa rela- 
tive to the other tonsil. Unnecessary tonsillectomy 
can thereby be avoided. 


Ridgway et al!° reported 5 cases of TL in children 
between 2 and 9 years old over a 13-year period in 


whom the diagnosis of TL was not necessarily sus- 
pected at the time of tonsillectomy. Tonsillectomy 
was performed in 1 child because of progressive bi- 
lateral tonsillar enlargement without asymmetry, and 
the child subsequently developed increasing cervi- 
cal lymphadenopathy. The other 4 children all had 
UTE. One presented with a peritonsillar abscess that 
discharged spontaneously, while 3 had a short his- 
tory of progressive UTE. Of these 3 children, 1 was 
asymptomatic, 1 had dysphagia, and 1 had cervical 
lymphadenopathy. In this series of children, the di- 
agnosis of lymphoma was not suspected preopera- 
tively. Ridgway et al!? therefore advocated a detailed 
pathological review of all adenotonsillectomy speci- 
mens. The more diverse clinical presentation of TL 
among the group of patients reported by Ridgway et 
al differs from our experience, and underscores the 
degree of vigilance required to make an early diag- 
nosis of TL. 


The diagnosis of TL may not always be readily 
apparent from the appearance of the tonsil; however, 
an abnormal appearance is highly suspicious. Saul 
and Kapadia!! described the tonsil in TL as gray-tan 
in color and of firm consistency. Other suspicious 
features included extension into adjacent soft tissue, 
an exophytic or polypoidal appearance, and the pres- 
ence of ulceration. 


Tonsillar lymphoma may be associated with bilat- 
eral symmetric enlargement of the tonsils, as seen in 
1 of the cases cited by Ridgway et al TU Bilateral in- 
volvement in TL has been reported to range from 
9% to 22%.!! 


In our series, TL developed in previously healthy 
children. It has been reported to occur as a second 
malignancy,!* and in association with immunosup- 
pression following bone marrow!3 and heart trans- 
plantation.'4 Abnormalities of the tonsils should clear- 
ly be regarded with great suspicion in the transplant 
population. 


Tonsillectomy is recommended for biopsy pur- 
poses in UTE when there is a history of progressive 
enlargement or significant upper aerodigestive tract 
symptoms, particularly dysphagia; when there are 
systemic symptoms; when the appearance of the ton- 
sil is suspicious; in the presence of cervical lymph- 
adenopathy or hepatosplenomegaly; or when the child 
is immunocompromised or has a history of previous 
malignancy. The diagnosis of TL should also be con- 
sidered particularly when acute tonsillitis is asymmet- 
ric and tonsillar asymmetry persists despite appropri- 
ate medical treatment, or when rapid bilateral tonsil- 
lar enlargement occurs. Observation inittally is ap- 
propriate management for all other cases of UTE in 
children. 
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Different surgical methods have been advocated for closure of persistent tracheocutaneous fistula (TCF) in children. The objec- 
tive of this study was to compare different methods of repair and postoperative care that were used for management of TCF in 
children. The charts of 98 children with persistent TCF who were surgically managed in our department between January 1990 and 
April 1997 were reviewed retrospectively. Excision of the fistulous tract and healing by secondary intention was employed in 18 
patients. Eighty patients were managed by tract excision followed by primary closure. Sixty-three patients remained intubated for 18 
to 24 hours postoperatively, while 17 patients were extubated in the recovery room. One patient had a large tracheal granuloma on 
follow-up endoscopy. Three patients needed a second procedure. No significant correlation was found between the method of surgi- 
cal repair or the length of postoperative intubation and outcome. In our experience, TCF repair, either by primary closure or second- 
ary intention, is a relatively safe and effective procedure in the pediatric age group. Preoperative evaluation and possible indications 


for selecting the method of repair are discussed. 


KEY WORDS — pediatrics, tracheocutaneous fistula, tracheotomy. 


INTRODUCTION 


Tracheocutaneous fistula (TCF) is one of the rec- 
ognized sequelae of tracheotomy in the pediatric age 
group.! It occurs secondary to epithelial growth into 
the tracheotomy tract that prevents closure and heal- 
ing (Fig 1A). The reported incidence of TCF ranges 
widely, from 3.3%? to 43%.3 Persistence of TCF af- 
ter decannulation appears to depend on the length of 

‘cannulation time.?4 The higher incidence of TCF in 
children in recent reports may reflect the change in 
the indications for pediatric tracheotomy over the last 
2 decadeg 28 Very few tracheotomies are now per- 
formed for acute inflammatory conditions with a 
short cannulation time, while there has been an in- 
crease in the proportion of pediatric tracheotomies 
performed for subglottic stenosis with a longer can- 
nulation time. 


Persistence of TCF may cause considerable mor- 
bidity due to recurrent aspiration and subsequent res- 
piratory infection, difficulty in phonation, ineffec- 
tive cough, skin irritation, cosmetic objection, so- 
cial inacceptance, and intolerance to submersion. 
Therefore, surgical intervention is indicated. Several 
surgical techniques have been described. However, 
authors’ recommendations for surgical repair of TCF 
are often based on small numbers of isolated cases, 


and the best surgical approach is still controversial. 


We report our experience with TCF repair in 98 
pediatric patients submitted to different methods of 
surgery and postoperative care. 


MATERIALS AND METHODS 


A retrospective review was undertaken for all the 
pediatric patients (under 18 years) who underwent 
surgical repair of TCF in our department between 
January 1990 and April 1997. The patients’ charts 
were analyzed with respect to the following variables: 
indication for tracheotomy, age at the time of trache- 
otomy, lengths of cannulation and decannulation, en- 
doscopic findings, associated medical problems at the 
time of TCF repair, method of surgical repair, post- 
operative intubation, early and late complications, and 
final result. 


Two principal methods of surgical repair were used 
for the duration of the study. The first method includ- 
ed fistulectomy with primary closure. An elliptical 
skin incision was made around the fistula, and the 
skin above and below the incision was widely under- 
mined. Dissection was carried down through scarred 
skin and subcutaneous tissue around the fistula to 
the trachea (Fig 1B). After complete mobilization of 
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Fig 1. Technique of tracheocutaneous fistula closure. A) Ingrowth of squamous epithelium along tracheocutaneous tract. B) 
Tracheocutaneous tract dissected circumferentially down to trachea. C} Multilayer closure after fistulectomy. 


the tract, it was resected from the trachea, and the 
edges were approximated with absorbable sutures. 
The strap muscles, which were often incorporated in 
the scar tissue or adherent to the trachea, were freed, 
repositioned over the trachea, and closed over a small 
rubber band drain. Subcutaneous tissue was closed 
and the skin sutured (Fig 1C). Postoperatively, the 
patients were either extubated in the recovery room, 
when fully awake, or kept intubated for 18 to 24 
hours. The decision regarding the length of postoper- 
ative intubation was made according to the attend- 
ing otolaryngologist’s preference. The second method 
of TCF repair involved excision of the fistulous tract, 
placement of a 3-mm tracheotomy tube that was re- 
moved after 12 to 24 hours, and healing by second- 
ary intention. 


All patients underwent direct laryngoscopy and 
bronchoscopy at the time of TCF repair, to rule out 
any airway obstruction, and about 1 month after the 
repair, to exclude formation of granulation tissue or 
stricture at the previous tracheotomy site. 


Kendall nonparametric correlation coefficients 
were used to calculate correlation between the preop- 
erative variables (indication for tracheotomy, age, 
length of cannulation and decannulation, associated 
medical problems), methods of surgical repair, and 


TABLE 1. INDICATIONS FOR TRACHEOTOMY 


Patients 
Indication (N = 98) 
Subglottic stenosis 42 
Long-term ventilation 23 
Tracheomalacia 10 
Bilateral vocal cord paralysis 6 
Pierre Robin syndrome 6 
Cervical cystic hygroma 3 
Laryngeal cleft 2 
Laryngomalacia 2 
Respiratory papillomatosis 1 
Base of tongue cyst 1 


duration of postoperative intubation and the outcome 
(early and late complications, closure of TCF). A p 
value of <.05 was considered significant. 


RESULTS 


One hundred four pediatric patients underwent 
TCF repair in our department during the defined peri- 
od. Six patients were excluded from the study due to 
insufficient information in their charts. The study 
group included 60 boys and 38 girls. The mean age 
at the time of tracheotomy was 24 months (range 1 
day to 109 months). Subglottic stenosis was the most 
common indication for tracheotomy (Table 1). The 
mean durations of cannulation and decannulation 
were 41.9 and 8.3 months, respectively. The mean 
age at the time of TCF repair was 74.2 months (range 
19 to 200 months). Fourteen patients had associated 
medical disorders at the time of TCF repair (Table 
2). Eighty patients were managed by fistulectomy 
and primary closure. Sixty-three patients were extu- 
bated 18 to 24 hours after the operation, while 17 
patients were extubated in the recovery room. Exci- 
sion of the fistulous tract and healing by secondary 
intention was employed in 18 patients. One patient 
displayed acute airway distress following primary 
repair. and was recannulated. In { patient, a large tra- 
cheal granuloma at the previous tracheotomy site was 
found on follow-up endoscopy (Fig 2). It was re- 
moved endoscopically without difficulty. There were 
no other early or late complications. In the patients 


TABLE 2. ASSOCIATED MEDICAL DISORDERS 
Patients 
(N = 14) 
Bronchopulmonary dysplasia 4 
Cardiac disease 
Epilepsy 

Down syndrome 
Cerebral palsy 
Hydrocephalus 


Disorder 


m= Mh FA Lu 


882 Stern et al, Pediatric Tracheocutaneous Fistula 





Fig 2. Tracheal granuloma at previous tracheocutaneous 
fistula site. 


who underwent excision of the fistulous tract and 
healing by secondary intention, closure of the TCF 
was noted after 4 weeks in 15 patients and after 8 
weeks in 2 patients. In 3 patients, closure of the TCF 
was not achieved after the initial procedure (2 prima- 
ry closures and | by secondary intention). These pa- 
tients were successfully managed by a second proce- 
dure. No significant correlation was found between 
the preoperative variables, method of repair, or du- 
ration of postoperative intubation and the outcome. 
This lack of statistical significance may be due to 
the low number of complications and unsuccessful 
repairs in our series. 


DISCUSSION 


Tracheocutaneous fistula is a relatively frequent 
sequela of tracheotomy in the pediatric age group. 
Therefore, decannulation by routine excision of the 
tracheostomy tract followed by either short-term re- 
cannulation’ or closure of the tracheotomy® has been 
recommended. However, usually a period of observa- 
tion after the decannulation ts appropriate. If the TCF 
persists, definitive treatment is necessary. Several 
methods of surgical repair have been described: pri- 
mary closure in layers,’ fistulectomy and primary clo- 
sure in layers,?!! and fistulectomy and healing by 
secondary intention. 17 


The major concern regarding primary TCF clo- 
sure is that air leaking from the trachea will track 
along subcutaneous tissue planes into the mediasti- 
num and pleural cavity, causing subcutaneous em- 
physema, pneumomediastinum, and pneumothorax. 
Several precautions can be taken in order to decrease 
the risk of these complications. Saline irrigation of 
the wound with positive pressure ventilation can be 
used to check for significant air leakage before clo- 
sure of the strap muscles. Extubating the patients in 
the recovery room when they are fully awake may 


assist in avoiding paroxysmal coughing during recov- 
ery from the anesthesia. Overnight intubation may 
allow closure of the tracheal defect. However, a long- 
er intubation period may be associated with possible 
laryngeal injury (especially in patients who under- 
went previous laryngotracheal reconstruction), in- 
creased morbidity, and higher hospital costs. 


Insertion of an effective drain will allow a route 
for air to escape via the skin. Indeed, several compli- 
cations due to air dissection into the neck and chest 
were reported in children who underwent TCF with 
primary closure and without a drain.'? However, this 
complication was not noted when the surgical tech- 
nique included closure over a dran Jl Laryngeal or 
suprastomal obstruction at the time of the repair will 
also cause increased airway pressures. Therefore, 
careful endoscopic evaluation of the airway just prior 
to the TCF repair is of great importance. 

Fistulectomy with closure by secondary intention 
was advocated to avoid problems of air tracking post- 
operatively.!*-!+ However, these recommendations 
were based on a small number of patients, and the 
authors did not mention whether insertion of a drain 
was part of the primary closure. Healing by secondary 
intention may result in delayed wound healing, unpre- 
dictable scar appearance, and less acceptable cos- 
mesis. Moreover, the need for short recannulation 
may cause an undesirable emotional impact on the 
patient and his or her family. This method of repair 
should be considered when the tracheal opening of 
the fistula is large. It may also be suitable for chil- 
dren with lung disease, since they appear at increased 
risk of developing complications after primary clo- 
sure due to frequent cough and high transmural air- 
way pressures with forceful coughing. Another pos- 
sible indication for closure by secondary intention 
may be a variable or unpredictable degree of supra- 
stomal obstruction such as obstruction due to bilat- 
eral vocal cord paralysis. 


CONCLUSION 


In our experience, TCF repair, either by primary 
closure with insertion of a drain or by secondary in- 
tention, is a relatively safe and effective technique 
in the pediatric age group. However, although this 
series had good outcomes overall, by the nature of 
its design, ie, a retrospective case series, it is mainly 
descriptive, and no definitive conclusions of causality 
can be drawn. Short postoperative intubation with 
extubation in the recovery room was not associated 
with a higher complication rate compared to a longer 
intubation period. Therefore, short-term postopera- 
tive intubations may be sufficient. Primary closure 
offers a decreased recovery period and improved cos- 
mesis. We believe that primary closure and extuba- 
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tion in the recovery room should be considered as 
the preferred method for management of persistent 
TCE Fistulectomy and healing by secondary inten- 
tion should be considered if the tracheal defect is 


large or in children with compromised pulmonary 
function. Careful endoscopic evaluation of the air- 
way should be employed to rule out airway obstruc- 
tion. ` 
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The term Costen’s syndrome has been used in the dentomedical literature to describe a constellation of craniofacial symptoms. 
Since some of the same complaints have been reported in patients with “generalized” psychological distress, symptoms associated 
with the syndrome may not be useful in differential diagnosis of temporomandibular disorders. The present study investigated 
whether some somatic complaints, particularly tinnitus and dizziness, were pathognomonic in patients with chronic temporoman- 
dibular pain. Illness behavior and personality factors were studied for possible interrelationships with these symptoms. Factor 
analysis revealed that tinnitus and dizziness loaded on separate factors. Tinnitus loaded with nasal stuffiness, tearing, and itching of 
the eyelids and nose, while dizziness loaded with complaints of altered taste and smell and blurred vision. Neither was consistently 
related to measures of pain or to indices of illness behavior or somatic focus. 


KEY WORDS — Costen’s syndrome, dizziness, Meniere’s disease, psychological disorder, temporomandibular disorder, tinni- 


tus. 


INTRODUCTION 


Temporomandibular disorders (TMDs) include 
musculoskeletal complaints that represent a family 
of clinical conditions.! The cardinal symptoms and 
Signs are pain in or surrounding the temporomandib- 
ular joint (TMJ), limitation on mandibular opening, 
tenderness on palpation of the masticatory muscles 
or TMJs, and joint sounds. Because other, nonspe- 
cific symptoms may frequently coexist, there is diffi- 
culty in deciding if they should be included in the 
diagnosis. 


Part of our understanding of TMDs derives from 
what has been termed in the dentomedical literature 
as Costen’s syndrome. The original description was 
of a constellation of symptoms including otalgia, tin- 
nitus, impaired hearing, and aural congestion.?-> The 
dysfunction and associated symptoms were attribut- 
ed to retroposition of the mandibular condyle and 
mandibular overclosure that compresses the auriculo- 
temporal or chorda tympani nerve. Presumably, the 
compression irritates the eustachian tube and changes 
the intratympanic pressure, leading to ear symp- 
toms.* 


Another line of thought was that ear symptoms 
resulted from the condyle’s pressing against the an- 
terior tympanic artery and the chorda tympani at the 
petrotympanic fissure.> Anatomic dissection of the 
temporomandibular region failed to confirm that the 
condyle exerted pressure on these tissues.® 8 Certain 
modern practitioners endorse the basic philosophy 


of Costen’s syndrome for patients suffering symp- 
toms.? The position is that occlusal dysharmonies 
produce condylar displacement leading to auditory 
and vestibular symptoms such as tinnitus and dizzi- 
ness. 


Similar symptoms have been reported in patients 
suffering cervicogenic complaints. Several studies 
relate soreness of the neck to myofascial!!3 or 
TMJ!‘ pain and associate tinnitus and dizziness with 
these problems. Barre-Lieou syndrome, first de- 
scribed in 1926, includes symptoms virtually identi- 
cal to those of Costen’s. The cause has been attrib- 
uted to posttraumatic disk prolapse at the cervical 
3 and 4 levels.!? Symptoms common to both syn- 
dromes have been reported in patients suffering bony 
spinal disorders!® and late whiplash syndrome.!? 
Dysfunction of the atlanto-occipital joint has been 
implicated in the frequent combination of facial pain, 
TMJ pain, and headache.!8 Such symptoms have been 
attributed to vascular compression of cervical 2 and 
3 nerve roots, producing an inadequate flow of blood 
in the vertebrobasilar system.!? Another argument is 
that disk prolapse of cervical vertebrae 3 and 4 causes 
dysfunction of the craniocervical sympathetic chain 
and surrounding vertebral vessels.2° 


The presence of dizziness has been interpreted var- 
1ously. A dysfunctional relationship between neck 
proprioceptive centers with feedback via the brain 
stem and interference with labyrinthine function has 
been proposed.?! Dizziness, TMJ crepitus, excessive 
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lacrimation, blurred vision, photophobia, and phono- 
phobia have been mentioned in patients suffering 
from cervicogenic headache.” The authors hypoth- 
esized that head movement or pressure on muscular 
trigger points in the dorsal cervical musculature leads 
to headache. These muscles form part of the proprio- 
ceptive system interconnecting with the vestibular 
nuclei of the spinovestibular tract and with the nu- 
clei of the extraocular muscles by the medial longi- 
tudinal fasciculi. Thus, hyperactive cervical muscles 
might provoke an unsteady gate with concomitant 
dizziness. 


Some symptoms associated with TMD have been 
attributed to dysfunction of the inner ear. In 1861, 
Prosper Meniere described lesions specific to the 
inner ear leading to tinnitus, dizziness, and deaf- 
ness.29,24 Many clinicians have attributed these symp- 
toms to recurrent endolymphatic hydrops.2>-26 Mag- 
netic resonance imaging studies have confirmed that 
recurrent ruptures of the membranous labyrinth are 
the primary cause of increased endolymphatic vol- 
ume.25 An imbalance between secretion and resorp- 
tion of endolymph is assumed to obstruct the duct 
and sac. A recent review of the literature discredits 
this central dogma of a relationship between hydrops 
and these symptoms.6 


Psychological factors have also been implicated 
in symptoms frequently associated with TMD. Dizzi- 
ness and tinnitus, in particular, have been reported 
in patients suffering from anxiety,””28 mood disor- 
ders,?8 depression,??*! and “generalized” psycholog- 
ical distress.>2 Orofacial pain has been described as 
coexisting with dizziness and tinnitus in 17% of de- 
pressed patients? and present in one third of non- 
neuralgiform pain patients with generalized emotion- 
al problems.34 


Since the triad of Costen’s symptoms, namely, tin- 
nitus, TMD pain, and dizziness, is common among 
different disorders, the present study evaluated the 
possible coexistence of these symptoms along with 
other somatic complaints commonly reported by pa- 
tients suffering TMD pain. We were particularly in- 


terested in possible interrelationships among these 


symptoms, as well as their relation to illness behav- 
ior and personality traits. 


METHODS 


A sample of 99 consecutive admissions to the Vir- 
ginia Commonwealth University Temporomandibu- 
lar Joint—Orofacial Pain Center was the study popula- 
tion. The Center is a regional clinic for referral of 
patients with various kinds of facial pain. Thus, the 
severity of physical complaints seen in this popula- 
tion may be greater than would be expected in natu- 


| 
ral populations. 


- The mean age of the population was 36 (+12.0 
SD) years. Eighty-six percent were women, with ap- 
proximately 60% of the population having a mini- 
mum of 12 years of school. The mean duration of 
pain was 3.5 (£5.2 SD) years. 


Under the supervision of a trained clinician, all 
patients completed a consent form and health ques- 
tionnaire that included questions about the nature of 
their complaints. Details of this questionnaire have 
been published elsewhere.33>4 


Patients completed the Visual Analog Scale (VAS) 
for pain?> and emotions,*> the McGill Pain Question- 
naire (MPQ),”° the Pilowsky Illness Behavior Ques- 


tionnaire (IBQ),3’ and the Minnesota Multiphasic 


Personality Inventory (MMPI).38 


The patients’ responses to questions concerning 
their symptoms were subjected to unweighted least 
square factoring using varimax rotation. Details of 
this analysis have been described previously.39:4° 
This common factor analysis represents a family of 
techniques used to analyze the variation in a set of 
data and classify it according to 2 sources: the com- 
mon factors and the unique factors estimated only 
from the variation due to the common factors.*! 


Diagnoses were based upon a complete history 
and clinical evaluation, including radiologic analy- 
sis, measurement of mandibular limitation on mo- 
tion, digital palpation of the TMJ and masticatory 
muscles, and recording of joint sounds. A detailed 
description of these procedures has been published 
elsewhere.>? The same examiner (F.M.B.) performed 
all examinations. 


. Approximately 59% of the patients suffered from 
primarily myogenous pain surrounding the TMJ.34 
The next most common pain was arthrogenous in 
nature: 17% had primarily disk disorders and 4% 
had osteoarthritis of the TMJ. Another 20% were pa- 
tients suffering from idiopathic facial pain. 


RESULTS 


Principal components factor analysis using vari- 
max rotation showed that the symptoms (Table 1) 
are well represented by 3 factors. Symptoms of fac- 
tor 1 involved functions of cranial nerves I, II, UL 
and VII and included dizziness, blurred vision, al- 
tered taste, and altered smell. Factor 2 appeared to 
describe mucosal-otic functions, including tinnitus, 
nasal stuffiness, tearing of the eyes, and itching of 
the eyelids, nose, and throat. Factor 3 was interpreted 
as being related to sympathetically mediated hyper- 
activity, primarily sweating. 
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TABLE 1. FACTOR LOADINGS FOR PRINCIPAL COMPONENT ANALYSIS (VARIMAX ROTATION) OF 
NONPAINFUL SYMPTOMS 


Measure Factor I (Cranial) 
Altered taste 0.816 
Blurred vision 0.747 
Altered smell 0.718 
Dizziness 0.656 


Itching (eyelids, nose) 
Excessive tearing 


Tinnitus 0.358 
Nasal stuffiness 0.380 
Excessive sweating of one body area 

Excessive sweating of whole body 0.298 
Eigenvalue 33 
Cumulative percent variance 32.6 


The relation of the 3 factors to standardized mea- 
sures of pain produced mixed results. None of the 
scales was consistently related to standardized mea- 
sures of MPQ pain or pain ratings of the VAS (Table 
2). Although each factor had 1 or more statistically 
significant results in relation to the pain intensity 
(sensory) VAS scores, the Pearson coefficients were 
low. The most consistent agreement between senso- 
ry and affective VAS pain scores occurred with symp- 
toms of factor 3. 


Only symptoms of factor 3 related to dimensions 
of the emotion VAS pain scales (Table 3). Reports 
of excessive sweating related to 4 of 5 dimensions 
and also were significantly related to general hypo- 
chondriasis on the IBQ and the MMPI (Table 3). All 
factors correlated with disease conviction on the IBQ. 
None of the remaining scales was consistently relat- 


Factor 2 (Mucosal-Otic) 


Factor 3 
(Sympathetically Mediated) 


0.244 
0.314 
0.819 
0.695 0.202 
0.596 
0.594 
0.747 
0.713 
1.4 1.2 
46.5 58.5 


ed to the symptoms. 


DISCUSSION 


The current factor analysis showed that dizziness 
and tinnitus loaded on different factors. The Pearson 
correlation coefficients were low for both symptoms 
with regard to pain. Symptoms assigned to cranial 
nerves (factor 1) showed a weak relationship to MPQ 
scales. Those of otic-mucosal (factor 2) origin were 
even less related, and those of sympathetically medi- 
ated (factor 3) origin were not at all related. This 
overall heterogeneity casts doubt on the commonal- 
ity of these symptoms. 


A survey of the literature reveals 38 studies of 
patients with possible commonality of these symp- 
toms (Table 423:13,14,21,42-73), The negative evidence 
against relationships includes aural symptoms to otal- 


TABLE 2. COMPARISON OF THREE FACTORS AND STATISTICALLY SIGNIFICANT VAS SCALES FOR 
SENSORY AND'AFFECTIVE LEVELS OF PAIN AND PEARSON CORRELATION COEFFICIENTS FOR 
DIFFERENT DIMENSIONS OF MPQ 


Measure Factor 1 (Cranial) 
VAS 
Sensory pain 
Low 0.259 (p = .02) 
Usual 0.225 (p = .04) 
High NS 
Affective pain 
Low NS 
Usual . NS 
High NS 
MPQ 
Sensory NS 
Affective 0.287 (p = .005) 
Evaluative NS 
Miscellaneous 0.415 (p = .0001) ` 


Factor 2 (Mucosal-Otic) 


Factor 3 
(Sympathetically Mediated) 


NS NS 

NS NS 
0.284 (p = .009) 0.277 (p = .01) 

NS NS 

NS 0.270 (p = .02) 
0.252 (p = .02) NS 
0.201 (p = .05) NS 

NS NS 

NS NS 

NS NS 


VAS -— Visual Analog Scale, MPQ — McGill Pain Questionnaire, NS — not statistically significant. 


I 
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TABLE 3. COMPARISON OF THREE FACTORS AND STATISTICALLY SIGNIFICANT PEARSON COEFFICIENTS FOR 
VAS-EMOTIONS AND COMPONENTS OF IBQ AND MMPI 








Measure 


VAS-emotions 


Depression NS 
Anxiety NS 
Frustration NS 
Anger NS 
Fear NS 
MPQ 
General hypochondriasis NS 
Disease conviction 0.364 (p = .001) 
Psychological versus somatic illness NS 
Affective inhibition NS 
Denial NS 
Irritability NS 
MMPI 
L scale NS 
F scale NS 
Hypochondriasis NS 
Depression - NS 
Hysteria 0.415 (p = .008) 
Psychopathic deviation NS 
Masculine/feminine NS 
Paranoia NS 
Psychasthenia NS 
Schizophrenia NS 
Hypomania NS 
Social introversion NS 


Factor I (Cranial) F actor 2 (Mucosal-Otic) 


Factor 3 
(Sympathetically Mediated) 


NS 0.315 (p =.004) 
NS 0.236 (p = .03) 

NS 0.257 (p = .02) 

NS NS 

NS 0.258 (p = DI 

NS 0.314 (p = .002) 

0.257 (p =.01) 0.226 (p = .03) 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS 0.451 (p = .004) 
NS NS 

NS 0.470 (p = .002) 
NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 


VAS —- Visual Analog Scale, IBQ — Pilowsky Illness Behavior Questionnaire, MMPI — Minnesota Multiphasic Personality Inventory. 


gia,*! otalgia to tinnitus,!© TMJ pain to tinnitus and 
to dizziness,’* and TMJ and/or ear pain to neither 
tinnitus nor TMJ internal derangement.’! Data of 1 
TMD study”? (Table 4) collected over 16 years were 
not tested statistically, but extrapolation reveals that 
approximately two thirds of TMD patients with TMJ 
pain lacked tinnitus and 60% lacked dizziness.’* The 
Tinnitus Data Registry also confirmed that just 7% 
of patients with severe tinnitus had a history of TMJ 
complaints.®> No single indicator separated patients 
with tinnitus from patients with tinnitus and TMD. 
Such heterogeneity in findings makes one question 
the existence of significant associations between 
these symptoms. 


Positive associations have been reported: TMJ 
pain and muscle trigger point pain on palpation, 
and tinnitus with otalgia and dizziness with otalgia 
in TMD cases.” The authors concluded that tinnitus, 
dizziness, and otalgia were significantly more preva- 
lent in TMD patients than in 2 non-TMD samples.”° 
They did not test the frequency of tinnitus versus 
the frequency of dizziness in TMD patients. 


Our findings relating common symptoms of TMD 


with pain and emotion scales (VAS-emotions, IBQ, 
and MMPI) were inconsistent (Table 3). On the 
whole, the pattern of nonspecific symptoms mirrored 
that reported in other studies of seemingly unrelated 
disorders./5-88 A similar conclusion can be drawn 
from other studies (Table 527-3!.82,83,86,87) of patients 
with different emotional disorders. Some patients are 
bothered emotionally; others are not. For example, 
responses made by tinnitus sufferers on coping scales 
showed that “low copers” to tinnitus were more psy- 
chologically distressed than “high coperg "88 The 
prevalence of dizziness proved greater in patients 
with high levels of depression when compared to 
patients with low levels of depression.*® But the fre- 
quencies of tinnitus and dizziness were low in an- 
other group of depressed patients.3° The finding of 
orofacial symptoms in some subjects and not in oth- 
ers raises serious doubt as to a singular disorder con- 
sistent with Costen’s syndrome. 


Various hypotheses have been proposed to explain 
an etiologic relationship between otolaryngological 
symptoms and TMD. Arguments for (he occlusion 
hypothesis are weak in experimental, epidemiologi- 
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TABLE 4. PERCENT FREQUENCY OF SYMPTOMS IN DIFFERENT POPULATIONS 


Orofacial Pain 


38 

Part of 57 

3 

13 Facial, 12 ear 

43 TMJ, 13 ear 

Ear mostly 

13 Facial, 12 ear 

47 Ear, 35 jaw, 15 TM] 

17 

94 Total, 42 ear, 16 TMJ 

35 Ear, 15 preauricular, 
5 facial 

93 Total, 52 ear 

11 Ear, 82 on palpation 

52 TMJ 

100 

0 

100 

82 Ear, 6 facial 

4] 

38 Jaw and/or face 

29 TMJ, 9 facial, 5 ear 

68 


32 Jaw and/or face 
35+ 

38 Jaw and/or face 
100 

2 toll 

45 

32 

75* TMJ, 75* muscles 
100 

51 TMJ, 44 facial 
52 TMJ, 43 facial 


14 

98 TMJ and/or ear, 
79 facial, 43 temporal, 
38 back of eye 

92 TMJ and/or ear, 
56 facialt, 14 temporal§, 
11 back of eye§ 


TMJ — temporomandibular joint, TMD — temporomandibular disorder. 


Tinnitus 


13 


Part of 32 


14 


Dizziness 


12 


oO 


w 
DO CO rd DO O CO Lo Co M 


Keck 


keck 
ZS NO © 


A en E enen Dä enen enen Den bh E 


40 
18 
12 

0 


No. of 
Patients 


400 
165 
J] 
82 
100 
12 
68 
66 
1,391 
150 
742 


86 
56 
200 


42 TMD 
35 Non-TMD 


23 
45 
47 
47 
200 
31 
350 
837 
148 
105 
376 
25 
99 


69 TMD 
860 Non-TMD 


20 
200 


996 Clinic 
1,764 Private 
126 Dental 
200 TMD 
302 Medical 
347 Dental hygiene 


53 ID 


82 ID 


200 TMD 
742 Ear-nose-throat 
200 Headache 
93 TMD 


Reference 


Costen? 
Costen? 
Goodfriend*2 
Hankey*? 

Gelb and Arnold¥ 
Capps** 
Hankey*® 
Dolowitz et al*? 
Myrhaug*® 
Verot? 

Gelb et al50 


Bernstein et al5i 

Zarb and Thompson’? 
Gelb and Tarte!4 
Sharav et al!3 


Principato and Barwell>3 
Brookes et al?! 
Koskinen et al54 
Carlsson et al*5 

Gelb and Bernstein 
Thornburn and Blake’ 
Wedel and Carlsson>8 
Cooper et al5? 

Wedel and Carlsson®® 
Bush®! 

Rubinstein and Carlsson® 
Williamson™ 

Rubinstein et ali 
Vernon et al 


Morgan® 

Chole and Parker®’ 
Cooper and Cooper® 
Englund et al? 
Parker and Chole? 


Ren and Isberg?! 


Gelb et al72 


Wright and Bifano”? 


*Pain judged by digital palpation of sternocleidomastoid muscle was significant, but not significant with 6 other muscles. 
TNo significant difference between groups or symptoms. 


tp =.01. 


Sp = .001 between group with disk displacement (internal derangement; ID) with tinnitus and ID without tinnitus. 


cal, and clinical studies. Further, tinnitus sufferers 
do not recognize a relationship. Three fourths in 1 


study responded “no” influence and another 13% 
“don’t know” to questions about a possible influ- 
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TABLE 5. PERCENT FREQUENCY OF PATIENTS WITH EMOTIONAL DISORDERS AND PHYSICAL SYMPTOMS IN 


DIFFERENT POPULATIONS 
Hearing No. of 
Disorder Tinnitus Dizziness Impairment Patients Reference 
Anxiety 100 21 24 62 Hallam and Stephens?’ 
Anxiety and depression 100 0 0 112 Halford and Anderson’? 
Anxiety 0 100 0 17 Simpson et al?8 
Mood 100 0 60 24 
Depression 8 13 0 48 Minnigerode and Harbrecht?° 
Depression 100 0 83 40 (tinnitus) Sullivan et al? 
0 0 100 14 (nontinnitus) 
Depression 77 40 0 116 (20-39 y) Koenig et al?! 
66 47 0 332 (70-102 y) 

Depression Waxman et al8? 

Low 0 3 d 36 

Medium 0 22 0 49 

High 0 32 0 42 
Depression 100 0 0 21 Harrop-Griffiths et al86 
Emotional problems 100 14 53 12 Tyler and Baker? 


ence of occlusal change on tinnitus.6485 Other etio- 
logic hypotheses involve the tensor tympani, otoman- 
dibular ligament, eustachian tube, and otologic dis- 
ease.57.68 Argument for the ligament hypothesis de- 
pends on direct stimulation of the malleus by the 
diskomalleolar ligament and the mallear part of the 
sphenomandibular ligament. An argument against the 
ligament hypothesis is that the ligaments cannot 
transmit enough mechanical energy to the malleus 
to account for the occurrence of high-frequency sub- 
jective tinnitus and positional changes in the malleus 
producing dizziness.’° 


Another hypothesis is that blockage or conges- 
tion of the eustachian tube results from hyperactiv- 
ity of the tensor veli palatini and leads to earache, 
tinnitus, and dizziness. But tubal resistance, a mea- 
sure of tensor veli palatini function, was not signifi- 
cantly different between TMD and non-TMD pa- 
tients.2! Further, tympanometric studies have not sus- 
tained a relationship between TMD and aural symp- 
toms.!.89 Hearing loss was not greater in TMD pa- 
tients with tinnitus versus patients with tinnitus at- 
tributed to other causes.®© A positive relationship was 
mentioned between deafness and severe TMJ ar- 
thropathy.’4 Unfortunately, deafness was assessed by 
patient response to a questionnaire. 


A retrocochlear origin has been suggested for tin- 
nitus. Studies conducted with positron emission to- 


mography showed that tinnitus patients had an abil- 
ity to modulate tinnitus loudness by performing vol- 
untary orofacial movements.” A widespread activa- 
tion of tone and aberrant links between the auditory 
and limbic systems were found in tinnitus patients, 
but not in subjects with normal hearing. This change 
in quality of tinnitus had been previously associated 
with jaw movements. In addition, other regions of 
the brain have been shown to be involved. Both tin- 
nitus and dizziness, as well as facial pain and al- 
tered sensation of the trigeminal nerve, have been 
reported in patients with cerebellopontine angle me- 
ningiomas.”?! 


Analysis of the extant literature reflects differ- 
ences between statistical significance and clinical in- 
terpretations. Different health professions involved 
in the diagnosis of patients hold to various causes, 
ranging from emotional distress to mechanical mal- 
function. Such differing views have caused confu- 
sion, leading to different diagnoses and treatments 
for the constellation of symptoms and history asso- 
ciated with Costen’s syndrome. Overemphasis on co- 
existing symptoms that may not be genuinely causal- 
ly related may divert focus from the patient’s pri- 
mary reason for the visit, that 1s, pain. Future stud- 
ies should focus on pain as the primary symptom, 
and the assessment should be multidimensional! and 
multivariate. 
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OTOENDOSCOPY FOR IMPROVED PEDIATRIC 
CHOLESTEATOMA REMOVAL 


GARTH M. GOOD, MD 


GLENN ISAACSON, MD 


PHILADELPHIA, PENNSYLVANIA 


Our objective was to determine the usefulness of intraoperative rigid endoscopy in detecting incompletely removed cholesteato- 
mas, and to learn whether “second-look” procedures are still needed in children. We used 30°, 2.7-mm endoscopes to evaluate the 
middle ears of 14 children (29 procedures) with cholesteatomas once all visible disease had been removed under the operating 
microscope. If residual cholesteatoma was seen, removal continued until all disease visualized with the endoscope was removed. If 
the cholesteatoma was not removed intact, planned exploratory surgery was performed. The rigid endoscope detected incompletely 
removed cholesteatomas at surgery in 7 of the 29 cases (24%). In 2 of the 11 cases (18%) judged free of cholesteatoma by both 
otomicroscopy and otoendoscopy, residual disease was found at planned exploratory procedures. While otoendoscopy is clearly 
useful in detecting incompletely removed cholesteatoma, a substantial rate of residual disease following “complete” removal sug- 


gests the continued need for planned exploratory procedures. 


KEY WORDS — cholesteatoma, endoscopy, otoendoscopy. 


INTRODUCTION 


The application of binocular microscopy to oto- 
logic surgery revolutionized middle ear surgery. The 
operative microscope provides the surgeon with un- 
matched image clarity and depth perception, but is 
limited in its field of view. Even with severe angula- 
tion and the use of various middle ear mirrors, aural 
cholesteatoma can hide in the recesses of the middle 
ear such as the sinus tympani, attic, and eustachian 
tube orifice.! Canal wall-up (CWU) procedures in 
particular are associated with high rates of residual 
disease located within these areas, ranging from 10% 
to 43%.?-4 


Quartz rod endoscopes hold premise as an adjunct 
to otomicroscopy in the surgical management of au- 
ral cholesteatomas. The rigid endoscope was advo- 
cated for middle ear surgery by Mer et a in the 
1960s. Since that time, technological advances have 
provided high-resolution telescopes with smaller di- 
ameters and angled tips allowing excellent visual- 
ization of all areas within the middle ear cleft (see 
Figure). This has allowed widespread application of 
the rigid endoscope in otologic and neurotologic pro- 
cedures.®’ Transtympanic examination of the middle 
ear space can evaluate middle ear disease and can 
differentiate between otitis media and cholesteatoma 
in patients with retraction pockets.8-!° Rigid endos- 
copy has been used during primary and planned, 
staged exploratory surgeries (“second-look” proce- 


dures) to identify and assist in removal of choleste- 
atoma. Several authors suggest that endoscopic sur- 
gery might replace open second-look procedures in 
reexamining the mastoid and middle ear space in 
those patients with absent or limited residual dis- 
ease,6.11-13 


The present study evaluates the ability of intraop- 
erative rigid endoscopy to detect incompletely re- 
moved pediatric cholesteatoma within difficult-to- 
visualize areas of the middle ear. Further, the pres- 
ence or absence of disease at the time of staged ex- 
ploratory surgery was evaluated to learn whether such 
second-look procedures are still needed in children. 


MATERIALS AND METHODS 


The operative reports and office notes were re- 
viewed for all children undergoing cholesteatoma 
surgery by the senior author (G.I.) in the 3-year pe- 
riod between September 1994 and October 1997. 
These were analyzed to determine the type and ex- 
tent of cholesteatoma, the type of surgery performed, 
the presence or absence of residual disease as deter- 
mined by endoscopy at the completion of choleste- 
atoma excision under the operating microscope, and 
the incidence of residual cholesteatoma at staged ex- 
ploratory surgery. The site of residual disease was 
noted in each case. 


The following protocol was used. Canal walt down 
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Endoscopic views of cadaver specimens. A) Sinus tympani. B) Epitympanum. C) Eustachian tube orifice. D) 


Hypotympanum. 


(CWD) procedures were performed for extensive 
cholesteatomas that could not be removed without 
significant sacrifice of the posterior bony external 
auditory canal, in some patients with very contracted 
mastoids, and in patients in whom reliable follow- 
up could not be assured. When a CWU approach was 
used, all visible cholesteatoma was removed under 
the operating microscope. Next, a Storz-Hopkins 30°, 
2.7-mm rigid telescope, illuminated with a 450-W 
xenon light source (Karl Storz Endoscopy-America, 
Culver City, Calif) was used to examine the middle 
ear, eustachian tube orifice, and aditus ad antrum by 
viewing directly through the optics. If cholesteatoma 
was noted, otomicroscopic-guided removal was ac- 
complished with various right-angled instruments 
and cotton balls. Rigid endoscopy was performed pe- 
riodically to assess completeness of removal. The 
tympanic membrane was restored in each case, usu- 
ally by underlay temporalis fascia grafting. 

Staged exploratory surgeries were performed if 
there was residual cholesteatoma that could not be 
removed from the middle ear, or if the cholesteatoma 
sac was not removed intact. These exploratory sur- 
geries were typically scheduled 6 months later. 


Photographic illustrations were obtained from ca- 


daveric temporal bone specimens with the Storz-Hop- 
kins 30°, 2.7-mm rigid telescope and a color video 
printing system. 


RESULTS 


Twenty-six patients ranging in age from 3 to 18 
years underwent a total of 41 operations for choleste- 
atoma. Nine children had 10 cholesteatomas (6 ac- 
quired, 4 congenital) wherein both the initial and 
planned staged procedures were performed during 
the study period. Three children had initial CWU sur- 
geries for cholesteatoma performed prior to the start 
of the study period and only planned exploratory sur- 
geries during the study period. Two patients were 
referred to the senior author for additional surgery 
after CWU cholesteatoma surgery elsewhere. Six 
children underwent CWD procedures and did not un- 
dergo middle ear endoscopy. Six children (1 congeni- 
tal cholesteatoma, 5 acquired) did not undergo mid- 
dle ear endoscopy because of limited extent of dis- 
ease (5 ears) or gross disease left on the stapes foot- 
plate (1 ear). The staged procedures totaled 19 and 
ranged from second- to fifth-look. 


Both the operating microscope and the otoendo- 
scope were used in 29 operations. Following presumed 
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complete removal of the cholesteatoma matrix, 11 of 
the 29 operations met the criteria for planned explor- 
atory surgery (ie, removal of cholesteatoma in more 
than 1 piece). The time interval between initial and 
staged procedures or between staged and subsequent 
staged procedures was 6 to 8 months (mean 6.4 
months). Following the final procedure, patients were 
followed with periodic office otomicroscopy for 2 
to 31 months (mean 12 months). None has evidence 
of cholesteatoma. Five patients were lost to follow- 
up. 

In those 29 operations in which both otomicros- 
copy and middle ear endoscopy were performed, 7 
(24%) had residual cholesteatoma discovered by en- 
doscopy after apparent total removal under the oto- 
microscope. The disease identified was limited to epi- 
thelial remnants in either the sinus tympani (6 ears) 
or the oval window niche (1 ear). Residual cholestea- 
toma following apparent total removal by otomicros- 
copy and otoendoscopy was found in 2 of 11 (18%) 
planned exploratory surgeries. The pearls of choleste- 
atoma in these 2 cases were located in the sinus tym- 
pani (1 ear) and oval window niche (2 ears). One of 


these children required an additional planned explor- ` 


atory surgery, which demonstrated no disease. The 
second has been lost to follow-up. 


DISCUSSION 


The optimal surgical management of aural chole- 
steatoma remains controversial.!4-!6 Advocates of 
CWD surgery cite high rates of disease control with 
a single operation and acceptable hearing results. !7-!9 
Unfortunately, maintenance of the mastoid bowl that 
results from such surgery can be a problem in chil- 
dren, who often have well-pneumatized mastoids and 
may be uncooperative for office cleaning. Proponents 
of CWU surgery claim superior hearing results and 
improved lifestyle by avoiding a large exteriorized 
mastoid bowl. When such surgery is done for exten- 
sive cholesteatoma, however, there are substantial 
risks of both residual and recurrent disease. Several 
studies have demonstrated that residual disease is 
most common in those areas of the middle ear that 
are difficult to view with an operating microscope 
and difficult to reach with conventional instru- 
ments.!:20 These areas include the oval window niche, 
sinus tympani, eustachian tube orifice, and aditus ad 
antrum. Thus, various adjuncts to otomicroscopy 
were suggested in the 1960s and 1970s to improve 
access to these hard-to-reach areas. The Buckingham 
mirror! and early flexible” and rigid endoscopes 
failed to gain widespread acceptance, as image qual- 
ity was poor. Improvements in the illumination and 
optical quality of thin, quartz rod endoscopes have 
led to a reexamination of their utility in cholesteatoma 


surgery. Thomassin et al? have used rigid endo- 
scopes for primary and revision CWU surgery for 
cholesteatoma since 1985 and have noted a signifi- 
cant decrease in the rate of residual disease, from 
47% to 6%. 


Our study confirms the usefulness of rigid endos- 
copy for cholesteatoma removal in a pediatric popu- 
lation. Despite meticulous dissection under the op- 
erating microscope, in 7 of the 29 cases, residual dis- 
ease was found in hard-to-reach areas of the middle 
ear. Identification of these remnants of cholesteatoma 
permitted their immediate removal and eradication 
of disease in 5 of the 7 cases. In all of these cases, 
the posterior canal wall was preserved. 


Among advocates of CWU surgery, neither the 


- practice of planned exploratory surgery nor its indi- 


cations are universally accepted. Planned middle ear 
exploration provides the opportunity to remove re- 
sidual disease if present, and allows for ossicular re- 
construction in a well-mucosalized middle ear with 
a stable tympanic membrane graft. The lysis of ad- 
hesions within the middle ear, performed during 
staged surgery, may also prevent retraction pocket 
formation. Sheehy et al?! have reported a decline in 
recurrent disease from 20% to 5% following CWU 
procedures utilizing a staged approach in select pa- 
tients. Similar results were reported by Deguine.?2 
Planned exploratory surgery may lead to early de- 
tection of residual or recurrent disease and limit the 
number of conversions to CWD surgery. Schuring 
et alt? were able to preserve the posterior canal wall 
in 85% of children requiring revision following CWU 
surgery by a planned staged approach. 


Those who favor the single-stage approach argue 
that with close follow-up, residual and recurrent dis- 
ease can be detected clinically before serious compli- 
cations occur. Such an approach has the advantage 
of eliminating the morbidity of an open second-look 
procedure for those children who would not other- 
wise have recurrences. Unfortunately, Austin!® re- 
ported a 39% recidivism rate for CWU single-stage 
procedures, 50% of which required a CWD proce- 
dure at the time of revision surgery. Similarly, Parisier 
et allé reported an 18% recidivism rate. Seventy-three 
percent of the resultant revision surgeries were CWD 
procedures. Neither study reported serious compli- 
cations, and Parisier et al reported that the postopera- 
tive hearing was essentially the same as after the first 
operation. : 


An increasing number of otologists are individu- 
alizing their approach to cholesteatoma management, 
including the decision to perform a planned reexplo- 
ration of the middle ear or mastoid. Identified risk 
factors for residual disease include young patient age, 
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involvement of the stapes, ossicular erosion, diseased 
middle ear mucosa, and multiple sites of involve- 
ment.24,25 We routinely reexplore the middle ear when 
cholesteatoma cannot be removed completely or when 
it is removed in more than 1 piece. This generally 
limits reexploration to cases at substantial risk for 
recurrence and allows for removal of microscopic 
residual disease. It had been our hope that routine 
use of middle ear endoscopy would obviate the need 
for routine reexplorations. This was not the case, as 
2 ears thought to be free of disease by otoendoscopy 
and otomicroscopy had residual disease at planned 
exploratory surgery. In both cases, the disease was 
in the form of tiny, easily removed pearls. 


Although this study has demonstrated that the rigid 
endoscope cannot reliably predict the absence of re- 
sidual disease at the time of follow-up, more thor- 
ough eradication of cholesteatoma at initial surgery 
may limit the extent of residual disease that is present 
at the time of revision surgery. Shelton and Sheehy,’ 


utilizing otomicroscopy alone, found that up to 85% 
of residual disease is in the form of a squamous pearl. 
Maximizing this percentage would be beneficial for 
several reasons. First, limited disease is often easily 
removed and may reduce the need for multiple sur- 
geries. Second, some state that limited disease can 
be removed endoscopically, avoiding the morbidity 
associated with an open second-look procedure.® 11:13 


CONCLUSION 


Rigid endoscopy has become an integral part of 
our surgical management of pediatric cholesteatoma. 
In conjunction with conventional otomicroscopy, it 
provides improved visualization of hard-to-reach 
areas and the potential for more complete removal 
of disease. Although middle ear endoscopy use does 
not obviate the need for a planned exploratory sur- 
gery at this time, the rate of residual disease should 
significantly decrease as experience with this tech- 
nique is gained. 
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MANAGEMENT OF ABDUCENS PALSY IN PATIENTS 
WITH PETROSITIS 


AMERICO M. MINOTTI, MD 
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| HOUSTON, TEXAS 


Our objective was to discuss the management and outcome of abducens nerve palsy in patients with Gradenigo’s syndrome. In 
a retrospective analysis of patients with Gradenigo’s syndrome at a tertiary-care center in Houston, Texas, from 1987 to 1995, we 
identified 2 patients with Gradenigo’s syndrome, both female. One had bilateral involvement, so that the total was 3 ears. Both 
patients had complete recovery of their abducens nerve palsy. In 2 ears with chronic mastoiditis, sixth nerve palsies failed to respond 
to medical therapy alone, but resolved after mastoidectomy with drainage of the petrous apex. We recommend that patients with 
Gradenigo’s syndrome and evidence of chronic mastoiditis be treated with aggressive medical and surgical care. 


KEY WORDS — abducens nerve palsy, Gradenigo’s syndrome, mastoiditis, petrositis, petrous apicitis. 


INTRODUCTION 


Prior to the widespread use of antibiotics, petrous 
apicitis was common and often fatal. The routine use 
of antibiotics for otitis media has caused the inci- 
dence of acute and chronic petrous apicitis to decrease 
sharply.! However, when it does occur and if left un- 
recognized, it may lead to grave consequences. Com- 
plications of petrous apicitis include cranial nerve 
palsies, meningitis, labyrinthitis, intracranial abscess 
formation, retropharyngeal abscess, venous sinus 
thrombosis, and death. 


The most common clinical findings seen in pe- 
trous apicitis are purulent otorrhea, retrobulbar and/ 
or facial pain, sixth nerve and seventh nerve palsies, 
and vertigo. Retrobulbar and/or facial pain in the 
presence of purulent otorrhea should always alert the 
physician to the possibility of impending petrous api- 
citis. When these findings are present, proper radio- 
graphic studies should be undertaken to confirm or 
exclude the diagnosis. Gradenigo described the clas- 
sic findings of purulent otitis, trigeminal pain, and 
abducens nerve palsy nearly 90 years ago in patients 
who had purulent disease of the petrous apex. How- 
ever, according to Chole and Donald 2 only 24 of the 
57 (42%) patients Gradenigo studied with this dis- 
ease had this complete triad of symptoms. Although 
abducens palsy is not always present in patients with 
petrositis, it is not an uncommon finding. 


Sixth nerve palsy associated with petrous apicitis 
is thought to be due to inflammation of the abducens 
nerve as it courses through Dorello’s canal under the 
preclinoid ligament. The inflammation responsible 
for this may be due to either acute or chronic disease 


within the petrous apex. Abducens palsy carries sig- 
nificant morbidity to the patient, yet little is written 
concerning its treatment and outcome in patients with 
petrous apicitis. This is somewhat surprising when 
compared to the enormous amount of literature that 
exists on the management of facial nerve palsy asso- 
ciated with suppurative mastoid disease. This may 
be due to the scarcity of this disease. 


The purpose of this paper is to discuss the manage- 
ment and outcome of sixth nerve palsies in 2 patients 
(3 ears) with Gradenigo’s syndrome. One patient was 
unique in that she had the syndrome bilaterally. 


PATIENTS AND-RESULTS 


Patient 1. A 47-year-old woman presented with a 
7-day history of left ear pain after an upper respira- 
tory tract infection (URI). Two days prior to admis- 
sion, she began complaining of headaches, nuchal 
rigidity, and fevers to 39°C. The following day, she 
also began experiencing left otorrhea and diplopia. 
The first onset of otorrhea partially relieved her ear 
pain. She presented to the emergency center after she 
began having an altered mental status. In the emer- 
gency room she had a dull intact left tympanic mem- 
brane with slight injection, an erythematous medial 
external auditory canal, and a small amount of puru- 
lence in the medial external auditory canal. Neurolog- 
ic examination was significant for a left sixth nerve 
palsy, nuchal rigidity, positive Kernig’s and Brudzin- 
ski’s signs, and an altered sensorium. There were no 
other significant physical examination findings. A 
spinal puncture was performed and demonstrated an 
elevated white blood cell (WBC) count in the cere- 
brospinal fluid (CSF), elevated levels of protein, and 


From the Department of Otolaryngologv—Head and Neck Surgery, University of Texas—Houston Medical School, Houston, Texas. Dr Minotti 


is now in private practice in Elkin, North Carolina. 


CORRESPONDENCE — Stilianos E. Kountakis, MD, PhD, Dept of Otolaryngology—Head and Neck Surgery, University of Texas—Houston 


Medical School, 6431 Fannin, Suite 6.132, Houston, TX 77030. 


898 Minotti & Kountakis, Abducens Palsy With Petrositis 





Fig 1. (Patient 1) High-resolution computed tomography 
of right temporal bone. Mastoid air cells are full of fluid, 
but there is no bony dehiscence or destruction of trabec- 
ulae, 


low levels of glucose. No organisms were identified 
within the CSF, but latex agglutinins were positive 
for Streptococcus pneumoniae, and a diagnosis of 
bacterial meningitis was made. A left myringotomy 
was performed and a large-bore tympanostomy tube 
was placed. Cultures of the middle ear were inad- 
vertently not performed. A high-resolution computed 
tomography (CT) scan of the temporal bones dem- 
onstrated a well-pneumatized right mastoid and a left 
opacified mastoid without evidence of bony erosion 
or coalescence (Fig |). The patient was placed on 
intravenous (IV) antibiotics and her symptoms of 
meningismus and fevers resolved within 48 hours. 
Conservative management with IV antibiotics with- 
out further surgical intervention was continued, Af- 


ter 4 days of antibiotic therapy, her left sixth nerve 
palsy and symptoms of diplopia completely resolved. 
Oral antibiotic therapy was then continued for a to- 
tal of 3 weeks. The patient was seen in the outpatient 
clinic 2 weeks and then 3 months after her hospital 
discharge and was asymptomatic. 


Patient 2. A 36-year-old woman with a several- 
year history of bilateral chronic otitis media and a 2- 
day history of left ear pain, otorrhea, high-grade fe- 
vers, and a feeling of a stiff neck presented to a local 
hospital emergency center after being found by her 
children on the floor posturing and unresponsive. 
Two weeks prior to this incident she had been seen 
by her primary care physician, who placed her on 
cephalexin for bilateral otitis media. In the emergency 
center she was intubated because of decreased oxy- 
gen saturation and decorticate posturing. On exami- 
nation she was disoriented and had bilateral white 
mucopurulent otorrhea with dull thickened tympanic 
membranes, bilateral sixth nerve palsies, and a House 
grade IV left facial paresis. 


A CT scan of the brain demonstrated no abnor- 
malities other than bilateral fluid-filled mastoid cavi- 
ties. A lumbar puncture was performed and showed 
cloudy CSF, a WBC count of 5,625/dL, a protein con- 
centration of more than 55 mg/dL, gram-positive coc- 
ci in pairs, and a differential of 98% neutrophils and 
2% lymphocytes. The patient was transferred to Her- 
mann Hospital and was placed on IV antibiotics (cef- 
triaxone sodium and vancomycin hydrochloride), dex- 
amethasone, mannitol, and Dilantin. 


Bilateral myringotomies were done and the dis- 
charge was sent for culture and sensitivity testing. 
After the third hospital day, the patient began follow- 








Fig 2. (Patient 2) High-resolution computed tomography of temporal bones. A) Right side. Note tegmen dehiscence (arrows) 


and destruction of bony trabeculae. B) Left side. Note tegmen dehiscence (arrows) and destruction of bony trabeculae causing 


coalescence of air cells. 
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Fig 3. (Patient 2) A) Complete resolution of right abducens palsy 10 days following mastoidectomy with petrous 
B) Ten days after intravenous antibiotic therapy and prior to left mastoidectomy and petrous apicectomy. Left abc 
still persists. C) Five days after left mastoidectomy and petrous apicectomy. Note marked improvement in lel 

gery. D} Demonstration of preoperative left facial palsy. E,F) Near-complete recovery of lett 


following surg 
postoperatively. 


ing commands and was extubated. At this time she 
was found to have a mild to moderate right hemi- 
paresis. Magnetic resonance imaging demonstrated 
a small left parietal subdural empyema. Bilateral 
opacification of mastoid air cells with obvious bony 
erosion of the tegmen on the right and left sides was 
seen on high-resolution CT of the temporal bone (Fig 
2). The CSF and otorrhea cultures grew A pneumo- 
niae, and the patient was continued on IV antibiot- 
ics. Clinically, her meningitis resolved after | week 
of IV antibiotics, but she continued to have diplopia, 
bilateral abducens nerve palsy, and a left facial pa- 
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ered adequately by antibiotics. By the fifth postopera- 
tive day, her right sixth nerve palsy ered (Fig 
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sive medical therapy (Fig 3B,D). She then underwent 
a left mastoidectomy, petrous apicectomy, and clo- 
sure of the tegmen defect with a temporalis muscle 
flap. By the fifth postoperative day, following sur- 
gery on the left side, she demonstrated moderate re- 
covery of both sixth and seventh nerve palsies (Fig 
3C-F). Follow-up magnetic resonance imaging of her 
brain demonstrated near-complete resolution of her 
subdural abscess. At this time her right hemiplegia 
had resolved as well. Retrospectively, we see that the 
patient could have tolerated bilateral mastoid surgery 
done at the same time. She was discharged to home 
on the 18th hospital day in stable condition. She con- 
tinued with IV antibiotics as an outpatient. On fol- 
low-up examination in the otolaryngology clinic 1 
week later, she had complete recovery of all of her 
cranial nerve palsies. 


DISCUSSION 


Petrositis may be acute or chronic, depending upon 
the clinical course and severity of the disease. There 
is no doubt that pneumatization plays an important 
role in the spread of disease throughout the mastoid 
and petrous bone, but infection and inflammation 
may also spread to areas of nonpneumatized petrous 
bone by way of direct extension or venous channels.* 
Pathological changes seen in patients who have had 
petrositis include acute inflammation, chronic inflam- 
mation, necrosis, and fibrosis within the mucosa, bone 
marrow, and bone. 


Acute petrositis is characterized as a nonlocalized 
infection with inflammatory changes involving the 
mucosa and bone that parallel findings in the middle 
ear and mastoid, whereas chronic petrositis is charac- 
teristically patterned after the histopathologic changes 
seen in chronic middle ear disease. Chronic inflam- 
matory changes may be more prominent and local- 
ized in certain areas of the temporal bone, produc- 
ing soft tissue that is capable of bone resorption. Simi- 
lar bone resorption and inflammatory changes are 
also. seen in patients with cholesteatoma disease. 


Chronic infections produce permanent thickening 
within the mucosal membranes of the petrous bone 
as a result of fibrous proliferation. This often results 
in a central cystic space surrounded by thickened, 
diseased mucosa that is surrounded by bone.’ These 
areas may allow for trapping of mucopus and inflam- 
mation that make the disease particularly difficult to 
treat by medical therapy alone. 


The first patient had classic signs and symptoms 
of Gradenigo’s syndrome. A careful clinical history 
and radiographic studies revealed findings consis- 
tent with a diagnosis of acute petrositis. There was 
no evidence of mastoid coalescence or bony resorp- 


tion on CT. For this reason we elected to manage the 
patient conservatively by myringotomy with tympa- 
notomy tube placement and IV antibiotics. The pa- 
tient responded very well with this therapy, and a 
prompt complete recovery of her sixth nerve palsy 
was observed. This treatment strategy was based on 
the premise that a majority of facial nerve palsies 
due to acute mastoiditis will recover with IN antibi- 
otics, myringotomy for drainage of the middle ear 
and mastoid, and placément of a large-bore tympa- 
notomy tube without further surgical intervention.® 
Generally speaking, adequate drainage of the middle 
ear should adequately drain the mastoid as well, in 
conditions in which no chronic mastoid disease or 
cholesteatoma is present. Under these conditions the 
aditus ad antrum should be patent, allowing for the 
passage of mucopus from the mastoid to the middle 
ear and through the tympanotomy tube. However, in 
cases in which conservative therapy fails or chronic 
disease is present, further surgical intervention is in- 
dicated to ensure adequate drainage of the mastoid 
and petrous bone. This is true in much the same way 
that facial nerve paralysis in a patient with chronic 
mastoiditis demands prompt surgical decompression 
of the nerve.’ 


The second patient is unique in that she had bilat- 
eral sixth nerve palsies, otitis media, and ear pain. 
This is an exceedingly rare condition that has only 
been reported in the world literature several times.®.? 
It is also interesting that this patient had a left facial 
palsy as well. She had a clear history and radiograph- 
ic findings suggestive of chronic disease. Both sides 
failed to respond to 7 days of conservative manage- 
ment (myringotomy, tympanotomy tube placement, 
and IN antibiotics), No improvement in her right ab- 
ducens palsy was evident until 5 days after she under- 
went mastoidectomy and petrous apicectomy. Like- 
wise, her left-sided sixth and seventh nerve palsies 
failed to respond to an additional 5 more days of con- 
servative therapy, and improvement was not seen un- 
til after left mastoidectomy and petrous apicectomy 
were done. Prompt return of both left sixth and sev- 
enth nerve function occurred only after further sur- 
gical intervention. 


In a recent review of the English-language litera- 
ture, we found only a small number of case reports 
of patients with petrositis, abducens palsy, and men- 
tion of sixth nerve palsy outcome. Historically, the 
treatment of petrositis has been primarily by surgi- 
cal intervention.7.6 However, in certain situations there 
may be a place for a more conservative approach, 
especially when there is no evidence of chronic ear 
disease. In more recent times, advances in antibiot- 
ic therapy have even led to the successful treatment 
of certain brain abscesses with medical therapy 
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Abducens Palsy with Petrous Apicitis 


CT of Brain and HRCT of Temporal Bones 
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Bone Erosion or No Bone Erosion 
History of chronic Ear No History of Chronic 
Disease Ear Disease 
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1. Culture directed 1. Culture directed 


IV Antibiotics IV Antibiotics 
2. Mastoidectomy 2. Myringotomy 
With Drainage of Petrous With Large Bore 
Apex Tympanostomy 
, Placement 


Poor clinical 
Response 


Fig 4. Algorithm of management of patients with sixth 
nerve palsy. CT — computed tomography, HRCT — 
high-resolution computed tomography, IV — intrave- 
nous. 


alone, !0-14 


Sternberg et al! followed a patient who had 3 re- 
current episodes of unilateral sixth nerve palsies that 
occurred after a viral URI. Each time, the patient was 
managed conservatively and had complete return of 
sixth nerve function within 2 weeks.!5 Chole and 
Donald? described 1 case in a series of 8 patients 
with petrositis who had congenital cholesteatoma of 
the petrous apex, facial nerve numbness, and ipsilat- 
eral sixth nerve palsy. This occurred after a URI. Prior 
to his admission and diagnosis, his sixth nerve palsy 
and facial pain gradually resolved. This occurred over 
a 6-month period without surgical treatment.? Woody 


et all treated a 4-year-old patient with chronic petro- 
sitis and a left abducens palsy with mastoidectomy 
and IV antibiotics. This patient had complete reso- 
lution of diplopia and of sixth nerve palsy within 3 
weeks.!6 Hilding and Price!” successfully treated a 
9-month-old who had mastoiditis with bone destruc- 
tion and a sixth nerve palsy with a complete mastoid- 
ectomy and IV antibiotics. The patient had improve- 
ment in the abducens palsy by postoperative day 11.17 
Gillanders!® described a case of a patient with Gra- 
denigo’s syndrome, chronic mastoiditis, and osteo- 
myelitis of the temporal bone who, after surgery and 
long-term antibiotics, had complete resolution of his 
abducens palsy within 1 month. 


Both of our patients and the patients of this re- 
view all eventually had a good outcome of their sixth 
nerve palsies. However, whenever conservative ther- 
apy was employed in the face of chronic disease, a 
slower, protracted course of sixth nerve recovery oc- 
curred compared to the course in ears treated more 
aggressively with surgery. Patients with acute petrosi- 
tis did well with prompt return of sixth nerve func- 
tion on conservative therapy alone. 


We recommend that all patients with complicated 
petrositis should have a thorough clinical history and 
a CT scan of the temporal bones to determine whether 
acute or chronic petrous disease is present. All pa- 
tients with chronic disease or those who are refrac- 
tory to conservative therapy alone demand aggres- 
sive surgical and medical care. Patients with acute 
petrositis may be treated conservatively, as outlined 
in Fig 4. We feel that this algorithm may be useful in 
assisting the clinician in choosing an optimal ap- 
proach for treating complicated petrositis with sixth 
nerve palsy. 
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COEXPRESSION OF NEUROTROPHIC GROWTH FACTORS AND THEIR 
RECEPTORS IN HUMAN FACIAL MOTOR NEURONS 


JING MIN Li, MD 
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Neuronal development and maintenance of facial motor neurons is believed to be regulated by neurotrophic growth factors. 
Using celloidin-embedded sections, we evaluated immunoreactivity of 11 neurotrophic factors and their receptors in facial nuclei of 
human brain stems (4 normal cases, and 1 from a patient with facial palsy and synkinesis). In the normal subjects, positive immu- 
noreactivity of the growth factor neurotrophin-4 and acidic fibroblast growth factor (aFGF) was observed in facial motor neurons, as 
was positive immunoreactivity against ret, the receptor shared by glial cell line-derived neurotrophic factor and neurturin. Immu- 
noreactivity was moderate for the receptor trkB and strong for trkC. In the case of partial facial palsy, surviving cells failed to 
show immunoreactivity against neurotrophins. However, immunoreactivity of aFGF was up-regulated in both neuronal and non- 
neuronal cells in this patient. Results suggest that these trophic growth factors and their receptors may protect facial neurons from 
secondary degeneration and promote regrowth of the facial nerve after axotomy or injury. 


KEY WORDS — facial motor neurons, neurotrophic factors, receptors. 


INTRODUCTION 


Neurotrophic factors have complex and diverse 
patterns of expression and action in the central ner- 
vous system (CNS) as well as the peripheral nervous 
system (PNS). Various neurotrophic factors have 
been localized, not only in target tissue, but also with- 
in neurons themselves. They can act on both neuronal 
and non-neuronal cells via target-derived and non— 
target-derived autocrine and paracrine action.! A giv- 
en neuronal population may respond to many differ- 
ent growth factors, while a single factor can act on 
many different neuronal populations.* Neuronal cells 
can switch their survival dependency from one troph- 
ic growth factor to another during the developmen- 
tal stages. ! The expression of trophic factors within 
any given cell type might change, depending on the 
specific pathological condition.? It is well established 
that neurotrophic growth factors play a critical role 
in the support, growth, and differentiation of neu- 
ronal cells during their development and in the sur- 
vival of neurons in adults.! These growth factors are 
also important for the maintenance and regeneration 
of the PNS. Data suggest that certain trophic factors 
may provide a protective effect following nerve in- 
jury.!-4 Experimental data support the hypothesis that 
trophic growth factors can promote the survival of 
motor neurons and accelerate neurite growth.>6 


Facial nerve palsy is a serious otologic disability 


that results from trauma, tumor removal, or viral in- 
fection.’ Facial motor neurons located in the brain 
stem require neurotrophic factors for their survival. 
A rapid death of neurons occurs when peripheral 
trophic support is lost.’ Knowledge concerning the 
expression of trophic growth factors and their recep- 
tors on facial motor neurons will help us understand 
their bioactivity and regulation in the PNS and also 
the pathological changes that occur with facial palsy 
and synkinesis. The present study was undertaken to 
evaluate the complex expression of trophic growth 
factors and their receptors in the facial motor neu- 
rons as a part of an attempt to develop a new ap- 
proach to improve facial nerve regeneration by using 
trophic factors. 


MATERIALS AND METHODS 


Subjects. A total of 5 cases of celloidin-embedded 
human brain stem sections were obtained from the 
Department of Neuropathology of the University of 
Southern California Los Angeles County (USC-LAC) 
and the Departments of Neuroanatomy and Histopa- 
thology of the House Ear Institute. Four cases were 
from normal human subjects, with ages ranging from 
7 to 46 years. One case was from a 37-year-old pa- 
tient with partial bilateral facial palsy and synkine- 
sis, resulting from surgeries for bilateral vestibular 
schwannomas (neurofibromatosis 2) in 1981 and 
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Fig 1. Original x320. A 





E 





) Nissi staining in normal human facial motor neurons. B) Niss] staining in facial 


nuclei in patient with partial facial paralysis and synkinesis. CH Intense trkC immunoreactiy ity expression 
in human facial neurons. D) trkC immunoreactivity in surviving cells in facial paralysis case. 


1986. Immediately postoperatively, there was a 
House-Brackmann grade V/V] facial paralysis. Three 
years following the surgery, the facial nerve func- 
tion had returned to a House-Brackmann grade UU 
VI (60% of normal) paralysis with synkinesis. There 
was no further improvement, and the patient died of 
cardiorespiratory failure in 1992. 


Antibodies Used. Rabbit anti-human p75 and chick 
anti-human neurotrophic factor antibody package 
were purchased from Promega (Madison, Wis). The 
antibody package includes chick Ig Y that recognizes 
human brain-derived neurotrophic factor (BDNF), 
neurotrophin-3 (NT-3), neurotrophin-4 (NT-4), glial 
cell line-derived neurotrophic factor (GDNF), and 
chick anti-rat ciliary neurotrophic factor (CNTF), 
Rabbit anti-human trk, trkB, and trkC polyclonal an- 
tibodies were purchased from Santa Cruz Biotech- 
nology (Santa Cruz, Calif); their IgG epitopes corre- 
sponded to amino acid 763-777, 794-808, and 812- 
825 maps within the highly conserved carboxy! ter- 
minus of the precursor form of trk gp140, trkB gp 145, 
and trkC gp140. Goat anti-human ret antibody was 
also purchased from Santa Cruz Biotechnology. (ret 
is amembrane receptor mediating signaling for both 
GDNF and neurturin [NTN].) Its IgG epitope corre- 
sponded to amino acid 784-801 maps at the carboxy] 
terminus of the precursor form of the rearranged ret, 
which recognizes both ret proto-oncogene and rear- 
ranged ret oncogene. Rabbit anti-human acidic fibro- 


blast growth factor (aFGF) and glial fibrillary acidic 
protein (GFAP) antibodies were purchased from Sig- 
ma (St Louis, Mo). 


Immunohistochemistry. The method for antigen re- 
trieval previously described was used with modifica- 
tions.* In brief, sections were immersed in sodium 
hydroxide methanolate solution for 2 to 3 hours to 
remove celloidin, then rinsed in 2 changes in graded 
methanol (100%, 80%). Sections were placed in 0.3% 
Triton-X 100 in tris-buffered saline (TBS) for 10 min- 
utes after proteinase K digestion, then rinsed in TBS. 
Sections were then incubated with antibodies against 
individual trophic growth factors and their receptors 
at the following concentrations: aFGF at 1:500: 
GFAP at 1:80,000; others at 1:50 at room tempera- 
ture overnight. Secondary antibodies (anti-chick Ig Y 
biotin conjugate. anti-rabbit and anti-goat IgG biotin 
conjugate) were then applied to the sections at room 
temperature for 2 to 4 hours. The sections were rinsed 
in TBS before incubation in avidin-biotin complex 
(ABC) at room temperature for 30 minutes to | hour. 


The chromogen solution consisted of 2.5% nickel II 
sulfate (optional), 0.05% 3,3-diaminobenzidine. and 
0.005% hydrogen peroxide. Floating sections were 
loaded onto the slides and dehydrated in graded etha- 
nol (75%, 95%, 100%), and after 3 changes of xy- 
lene, the sections were mounted with Permount and 
coverslipped for examination. Negative controls were 
stained without primary antibody or with chromogen 
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IMMUNOREACTIVITY OF NEUROTROPHINS 
AND THEIR RECEPTOR EXPRESSION IN FACIAL 
NUCLEI IN CELLOIDIN-EMBEDDED HUMAN BRAIN 


STEM SECTIONS 
Antibodies Controls (n = 4) Facial Palsy (n = 1)* 
BDNF $ = 
NT-3 = -= 
NT-4 ++ + 
CNTF eg 8 
GDNF ` — 
aFGF ++ ++ 
trk eh eg 
trkB ++ = 
trkC +++ ++ 
a ++ H 
ret +++ -- 


Tissue immunoreactivity of human brain stem sections: +++, high; 
++, medium; +, low; —, not detectable; +, unable to determine. 

*Patient with facial palsy (House-Brackmann grade I/VI) and syn- 
kinesis. 





solution only. The celloidin-embedded sections from 
the patient with partial facial paralysis were stained 
with Nissl’s stain for histologic examination. 


RESULTS 


Histologic Evaluation of Facial Motor Neurons. 
Histologic study of the celloidin-embedded sections 
from the patient with partial facial palsy revealed a 
significant (70%) reduction of facial motor neurons 
relative to normal subjects (Fig 1A,B). 
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Immunolocalization of Neurotrophic Factors. Im- 
munolocalization of 6 trophic growth factors — 
BDNF, NT-3, NT-4, CNTF, GDNF, and aFGF — was 
performed with various results (see Table). In nor- 
mal facial motor neurons, the immunoreactivity for 
NT-4 and aFGF was positive (Fig 2A). It was not pos- 
sible to determine BDNF or NT-3 immunoreactiv- 
ity with certainty in the present study, because the 
immunoreactivity was too faint to distinguish from 
background staining. GDNF and CNTF immunoreac- 
tivities were negative (data not shown). None of these 
neurotrophic factors were detectable in degenerated 
facial motor neurons. aFGF was the only growth fac- 
tor expressed in both neuronal and non-neuronal cells 
in the patient with facial palsy and in normal sub- 
jects (Fig 2B). 


Immunolocalization of Trophic Growth F actor Re- 
ceptors. Five neurotrophic growth factor receptors 
were identified (see Table). No trkA immunoreactiv- 
ity was found in facial motor neurons. trkB, the re- 
ceptor that mediates BDNF and NT-4 signaling, ex- 
pressed moderate levels of immunoreactivity in nor- 
mal controls (Fig 2A,D), but failed to express it in 
the patient with facial palsy (data not shown). trkC, 
the receptor responsive to NT-3, NT-4, and BDNF, 
exhibited intensely positive immunoreactivity in fa- 
cial motor neurons (Fig 1C). Preserved trkC immu- 
noreactivity was observed in surviving motor neu- 





Fig 2. Neurotrophin and neurotrophic growth factor receptor immunoreactivity expression in human facial 
neurons (original x320). A) Immunoreactivity of NT-4 (black) and trkB (brown) in human facial nuclei. B) 
aFGF immunoreactivity in brain stem in patient with facial paralysis. C) ret immunoreactivity in human 
facial motor neurons. D) trkB immunoreactivity in normal facial neurons. 
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rons in the patient with facial palsy (Fig 1C,D). 
p75NTFR a low-affinity nerve growth factor (NGF) 
receptor that has an equal affinity for each neuro- 
trophin, expressed positive immunoreactivity in both 
the normal cases and the patient, but to different de- 
grees (data not shown). ret, which mediates signal- 
ing for both GDNF and NTN, displayed strong im- 
munoreactivity in normal facial motor neurons (Fig 
2C), but was undetectable in the case of the patient 
with facial palsy (data not shown). 


GFAP Immunoreactivity in Human Brain Stem. 
GFAP expressed equal immunoreactivity in glial cells 
in the normal human brain stems and the patient with 
facial palsy (data not shown). GFAP immunoreactiv- 
ity was not observed in neurons, as expected: 


DISCUSSION 


Our attempt to establish baseline expression of 
neurotrophic factors and their receptors in human fa- 
cial motor neurons in healthy subjects and after injury 
is motivated by the need to develop a rational strate- 
gy to utilize neurotrophic factors to accelerate the 
regeneration of the facial nerve after injury. 


NT-4/trkB. In this study, NT-4 was the only detect- 
able growth factor in the NGF family in the facial 
motor neurons. But its immunoreactivity was greatly 
decreased, to undetectable levels, in the facial palsy 
case. Previous studies have demonstrated that NT-4 
messenger RNA (mRNA) is present in many tissues 
and in major regions of the brain.?-!! In vitro, NT-4 
induces differentiation of cultured neurons.!® Al- 
though there was no BDNF immunoreactivity in fa- 
cial nuclei in this study, since NT-4 and BDNF use 
the same trkB receptor, it is conceivable that NT-4 
may provide the same biological function as BDNF.!2 
Recombinant BDNF and NT-4/5 promote the sur- 
vival of axotomized immature spinal motor neurons 
in vivo and increase the level of immunoreactivity 
in both choline acetyltransferase and p75N!F® after 
nerve crush.!3.14 The results of this study suggest that 
NT-4 may play a major role in maintaining viability 
of facial motor neurons in adults in an autocrine fash- 
ion, and it may modulate the survival of motor neu- 
rons following nerve injury. 


trkB is a protein tyrosine kinase that functions as 
the signaling receptor for both BDNF and NT-4/5. 
Positive trkB immunoreactivity observed in facial 
motor neurons in the present study is consistent with 
a previous study that showed that motor neurons 
might continue to express the full-length trkB into 
adulthood.!5 Coexpressed trkB and NT-4 immunore- 
activity in facial motor neurons in our study may im- 
ply that in addition to their autocrine nature, BDNF 


and NT-4 may have a receptor-mediated paracrine 
action in the PNS, and play an important role in adults 
for survival of motor neurons after peripheral nerve 
injury. 

NT-3/trkC. NT-3 immunoreactivity was as low as 
the background level in our study (data not shown). 
Previous studies have shown that the pattern of NT- 
3 mRNA expression occurs in various regions of the 
PNS. Its expression declines during development and 
reaches low levels in the adult,!® consistent with our 
findings. The reasons for this down-regulation of NT- 
3 in mature peripheral nerves are not well understood. 
It is possible that the amount of NT-3 required for 
maintenance in the adult is not as high as that needed 
during the proliferative growth stages. 


trkC is the receptor responsible for mediating the 
trophic properties of NT-3 and is widely expressed 
in the developing as well as adult CNS and DNS 17 
Unlike NT-3, trkC was strongly expressed in the pres- 
ent study. Moderate trkC immunoreactivity was also 
observed in surviving neuronal cells in the case with 
facial palsy. The results strongly indicate that this 
growth factor bioactivity is regulated by a receptor- 
mediated paracrine mechanism. We observed a sig- 
nificant area of overlap of immunoreactivity for trkB 
and trkC in motor neurons in the adult human brain 
stem, although their levels of expression were differ- 
ent. These observations together suggest that NT-4 
and its cognate receptors, trkB and trkC, may coop- 
erate with each other in facial neuron maintenance. 


GDNF ret. While GDNF immunoreactivity was 
negative, the immunoreactivity of its receptor ret was 
strongly positive in normal facial motor neurons ‘in 
this study. It is possible that GDNF and ret act on 
facial motor neurons via a receptor-mediated para- 
crine action. As previously described, GDNF is syn- 
thesized as a precursor by a number of tissues and 
cells, including Schwann cells, and it may affect mo- 
tor neurons.!8 In vitro, GDNF increases cultured mo- 
tor neuron cell numbers, promotes neurite outgrowth, 
and increases choline acetyltransferase activity. In 
vivo, GDNF rescues the motor neurons from cell 
death following axotomy of the facial nerve in new- 
born rats. 19:20 GDNF can be retrogradely transported 
as a target-derived trophic factor for motor neurons. 1° 
GDNF mRNA expression is widespread in non-neu- 
ronal cells, and its alternative splicing transcription 
is also expressed in Schwann cells.!8 Consistent with 
this finding, we also observed intense GDNF immu- 
noreactivity in human Schwann cell cultures (unpub- 
lished data).. Normal ret function is necessary for 
GDNF signaling in the PNS.?!.22 In the facial palsy 
case, ret immunoreactivity was completely lost. We 
speculate that in the early stage of facial nerve de- 
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generation, facial motor neurons may still preserve 
ret protein activity for a short time, and then it will 
sharply decline following the degeneration of the fa- 
cial nerve. Indeed, delivery of GDNF right after axot- 
omy or trauma rescued facial motor neurons from 
secondary degeneration in animals.2° We propose that 
GDNF may also rescue motor neurons after axotomy 
in humans. 


trkA and p7S5NTFR, Positive immunoreactivity of 
p75NTFR, a low-affinity receptor for the NGF family, 
was observed in both normal controls and the case 
of facial palsy at different expression levels. Previ- 
ous studies showed p75NTFR could function as a sig- 
naling molecule, and it can increase binding sites by 
increasing trkA expression.” In this study, p75NTFR 
and trk (a high-affinity NGF family receptor) such 
as trkB and trkC may cooperate to increase response 
to neurotrophins during the course of facial nerve 
maintenance and regeneration. No positive immuno- 
reactivity of trkA was observed in facial motor neu- 
rons. 


CNTF. CNTF rescues neonatal facial motor neu- 
rons from axotomy-induced cell death in vivo.24?5 
CNTF-treated rat facial nuclei have shown up to 75% 
survival after axotomy, compared to untreated facial 
motor neurons, in which 77% to 80% died in the first 
7 days.4 CNTF immunoreactivity was not clearly 
demonstrated in this study. This result is consistent 
with a previous report showing that CNTF is not ex- 
pressed in facial motor neurons themselves, but rath- 
er, is localized to myelinating Schwann cells.227 
Consequently, the peripheral nerve is the most abun- 
dant source of CNTF, Since we have observed CNTF 
immunoreactivity in human Schwann cell cultures 
(unpublished data), the present result may suggest a 
receptor-mediated paracrine action by CNTF in fa- 
cial motor neurons. Although CNTF is not consid- 
ered to be a target-derived factor, transport of CNTF 





after injury to the peripheral nerve is very robust.28 
In animal experiments, CNTF prevented the degen- 
eration of facial motor neurons after axotomy.* There- 
fore, CNTF could be a candidate for use as a treat- 
ment in the early stage of nerve injury or axotomy in 
humans. 


aFGF and GFAP. aFGF immunoreactivity was ob- 
served at the same level in both the normal and fa- 
cial paralysis cases. The positive immunoreactivity 
was mostly in small neurons and supporting cells. 
The FGF family has 9 isoforms, and most of the 
members initiate fibroblast proliferation. Although 
it has been considered to play substantial roles in 
development, tissue remodeling, and prolonging neu- 
ron survival,2? the results of this study suggest that 
aFGF may not predominantly influence survival of 
large facial motor neurons. 


GFAP, a marker for glial cells, showed immunore- 
activity only in glial cells, and not in neurons. The 
expression of GFAP in this study can be interpreted 
to indicate that glial cells might migrate and take the 
place of facial neurons after neuronal death. 


SUMMARY 


The survival of motor neurons and regeneration 
of peripheral nerves in adult animals and humans is 
thought to be dependent upon the availability of dif- 
fusible neurotrophic factors. These neurotrophins, 
however, can only exert their trophic role in those 
cells that express their cognate receptors. We inter- 
pret these findings to mean that multiple trophic 
growth factors such as NT-4, BDNF, GDNF, and 
aFGF could be used to protect facial neurons from 
secondary degeneration after axotomy and promote 
regrowth of the facial nerve after trauma. We hope 
that a new combined trophic support regimen will 
be developed to increase the efficiency of facial nerve 
regeneration. 
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INTRODUCTION 


Cervical paragangliomas are uncommon neoplasms 
derived from neural crest cells, and are also referred 
to as chemodectomas, carotid body tumors, glomus 
vagale tumors, or glomus tympanicum tumors, de- 
pending upon their structure of origin. These are con- 
sidered to be benign neoplasms that grow slowly and 
metastasize only sporadically (12% of carotid body 
tumors).!:2 However, their biologic behavior cannot 
be predicted by light microscopy, and the most reli- 
able criterion of malignancy is local invasion or me- 
tastasis to lymph nodes, bone, liver, and lung. More 
than 100 cases of malignant paraganglioma have been 
reported, but the number of cases with distant metas- 
tases is small 2 Those are usually characterized by a 
slow clinical course.! Imaging techniques rely on the 


Fig 1. Digital subtraction angiog- 
raphy of right carotid artery, us- 
ing 250 mL Visipaque 270. A) 
Angiogram of right common ca- 
rotid artery showing large vascu- 
lated mass situated above carotid 
bifurcation; pathognomonic fea- 
ture of carotid artery body tumor. 
B) Selective angiogram of right 
internal carotid artery: irregular 
lumen width and strictures are 
clearly depicted. Moreover, invis- 
ibility of tumor in this selective 
internal carotid artery angiogram 
proves blood supply by external 
carotid artery. 





high vascularity of the tumors, while scintigraphy ex- 
ploits their neuroendocrine heritage with !’*I-meta- 
iodobenzy! guanidine (MIBG) and somatostatin re- 
ceptor agonists. 2-[!8F]-fluoro-2-deoxy-D-glucose 
positron emission computed tomography (FDG PET) 
has proven its high accuracy for the detection of ma- 
lignancies of all kinds using glucose metabolism, in- 
dependent of specific amine uptake mechanisms or 
cell surface receptors.* This is the first report demon- 
strating the ability of FDG PET to depict metastatic 
paraganglioma. 


CASE REPORT 


A 71-year-old woman with a history of hyperto- 
nia, cardiac arrhythmia, and mild asthma presented 
with otalgia, globus sensation, dysphonia, and a firm 
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Fig 2. FDG PET fusion images in tridimension- 
al orientation. A) Cervical paraganglioma with 
high 'SFDG uptake. B) Thoracic tridimensional 
FDG PET showing !SFDG accumulation in left 
ninth lung segment. C) Accumulation of tracer 
in right lung segment No. 10. 





right neck mass that had not resolved despite mul- 
tiple courses of antibiotics. Ultrasound depicted a 
large lesion, inclose contact with the right carotid bi- 
furcation, with indistinct borders and inhomogeneous 
echo intensity. The internal carotid artery seemed to 
be compressed. Carotid angiography revealed a vas- 
cular lesion at the right carotid bifurcation, supplied 
by the right external carotid artery and the right thy- 
rocervical trunk, with characteristic voluminous veins 
draining to both sides of the neck (Fig 1). The right 
internal carotid artery walls seemed to be contracted 
and narrowed by the tumor (Fig 1). 


Exploration of the right side of the neck revealed 
a fleshy violaceous mass located between the inter- 
nal jugular vein and the internal carotid artery. A par- 
tial resection of the tumor was made and the incision 
was closed. Histologic examination including immu- 
nohistochemical staining with neuron-specific eno- 
lase and chromagranin was consistent with a para- 
ganglioma. However, histologic techniques were un- 
able to evaluate the malignancy of the tumor. 


A PET study was performed. After administration 
of 370 mBq 'SFDG, an ECAT exact scanner (CTT 
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Fig 3. Spiral CT slices after water-soluble iodine contrast agent administration, depicting small lung metastases, cor spond- 
ing to A) Fig 2B and B) Fig 2C. 


Siemens) transmission scan was used for correction 
of the emission tomograms and for image fusion.’ 
The PET images showed intense accumulation of 
FDG within the tumor and additionally revealed the 
presence of multiple lung metastases (Fig 2). A com- 
puted tomography (CT) scan of the lung and the ab- 
domen confirmed multiple lesions, considered meta- 
static, in both lungs (Fig 3). A CT-aided biopsy of 
suspicious lesions in the lung was carried out unsuc- 
cessfully. The patient refused surgical exploration of 
the pleura and left the university clinics a few days 
later without further treatment. Two years later, the 
patient is still alive; she suffers from vocal cord palsy, 
dyspnea, and growing cervical masses. 


DISCUSSION 


Although paragangliomas are usually benign and 
slowly growing tumors, surgery is the mainstay of 
treatment, as significant symptoms will arise from 
local mass effects of the tumor. Additionally, early 
surgery may prevent intracranial extension and the 
development of metastases.®” However, the malig- 
nant clinical course is slow in the majority of cases, 
and the risk of permanent cranial nerve deficit after 
excision of cervical paragangliomas ranges up to 40% 
and is the most important cause of postoperative mor- 
bidity.!®7 Histologically, a distinction between be- 
nign, locally invasive, and malignant paragangliomas 
is usually not possible. The tumors are at present 
judged as malignant mainly on the basis of clinical 
evidence.’ 


Precise determination of tumor sites and their re- 
lation to adjacent structures is essential, since it in- 
fluences the therapeutic strategy. Imaging techniques 
for localization of cervical paraganglioma are CT, 


magnetic resonance imaging (MRI), angiography, 
and MIBG scintigraphy.’ 


In evaluating paragangliomas before surgery, cross- 
sectional imaging modalities such as CT and MRI 
play a major role because they provide the morpho- 
logical information that is vitally important to sur- 
geons. Additionally, Maurea et al! reported CT and 
MRI to have a significantly higher diagnostic sen- 
sitivity than MIBG scintigraphy. Nevertheless, these 
techniques may fail to detect tumor recurrences 1n 
regions of previous surgery. Additionally, MIBG scin- 
tigraphy allows localization of distant tumor sites and 
metastases. 


The typical site and hypervascularity of carotid 
body tumors has been described by contrast angiog- 
raphy.!! It delineates the extent of tumor accurately, 
shows the tumor’s blood supply, and excludes the 
presence of carotid artery invasion. However, It 1s 
invasive. Recent advances in interventional radiog- 
raphy permit relatively safe and effective emboliza- 
tion of cervical and skull base paragangliomas. ! Pre- 
operative embolization seems to reduce intraopera- 
tive blood loss and to cause a necrosis with reduc- 
tion of the tumor size. Unfortunately, stroke, cranial 
nerve palsies, and uncontrollable fluctuations of blood 
pressure can occur after embolic therapy. '- 


The neural crest origin of the tumors and the pres- 
ence of biogenic amine uptake and storage Is ex- 
ploited by MIBG scintigraphy. Van Gils et al’ dem- 
onstrated tumor uptake of !*7I-MIBG in 8 of 15 pa- 
tients with known chemodectomas. The sensitivity 
of !3!]-MIBG appears slightly lower, with uptake de- 
scribed in known lesions in 4 of 10 patients.'° Addi- 
tionally, the presence of an adjacent tumor may be 
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masked by the normal marked salivary gland uptake 
of MIBG.!* However, the ability to study the whole 
body in a single examination is useful for seeking 
distant metastases or eventually coexistent neuroen- 
docrine tumors like pheochromocytoma. Therefore, 
some authors recommend the use of MIBG scintig- 
raphy. !5 


The substantial elevation of glucose uptake and 
retention by tumors relative to most non-neoplastic 
tissues is fundamental to FDG PET imaging in oncol- 
ogy.!® This approach has been successful in visual- 


izing neuroendocrine tumors in cases in which the 
specific cellular mechanisms necessary for imaging 
with MIBG are absent.!5 Macfarlane et al!’ reported 
successful detection of benign cervical paragangli- 
oma with FDG PET in 2 patients. In our patient, we 
could clearly demonstrate the tumor in the known 
site of the right neck, and we were also able to re- 
veal multiple distant metastases in the lung and liver 
by using FDG PET imaging. This case suggests that 
FDG PET imaging may be a useful tool in the detec- 
tion of both benign and malignant cervical paragan- 
gliomas. 
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SOFTWARE REVIEW 
ENDNOTE 


Company: Niles Software, Inc, 800 Jones St, Berkeley, CA 94710; http://www.niles.com. 


Hardware requirements: available for Macintosh computer (at least 770 K of free memory) and for 
those running Microsoft Windows 3X, Windows 95, or Windows NT (386DX/25 MHz processor — 


or higher — and a minimum of 4 MB of RAM). 


A good reference management program should 
make it easy to record the elements that a reference 
comprises, eg, author’s name, year of publication, 
title of article, etc. It should offer tools that let one 
find and retrieve references quickly, and it should be 
able to produce the bibliography in the format re- 
quired for a particular publication. There are many 
computer programs, but very few stand out as truly 
useful, time-saving, and work-enhancing. One of 
them is EndNote. 


The functions and use of the software package 
EndNote for Windows are here described. With End- 
Note installed and running, and with a word process- 
ing file open, one can write and cite on the fly. Niles 
Software provides an “add-in” that is efficiently in- 
tegrated into the word processor, now also for Mi- 
crosoft Word 97 and WordPerfect 8.0. 


Niles Software provides the ability to import ref- 
erences from on-line databases through a separate 
module called EndLink, which is integrated in End- 
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Note in the newest version (3.0). One can create a 
database or download batches of references with the 
help of filters from one of the popular search ser- 
vices (eg, Medline), and the program supports ma- 


jor on-line or CD-ROM formats. The creation of a 


new filter is very easy. 


The library window is intuitive and easy to navi- 
gate. The sort is by author’s last name and then by 
date. One enters references into the databases through 
an edit window, tabbing from field to field as one 
provides the required information. There are fields 
for abstracts, key words, and notes. Each library can 
contain 32,000 references (32 megabytes), and there 
is no limit to the number of libraries one can have. A 
library can be copied and renamed at will. 

This program is a breeze to use during writing. 
One can keep it open along with a word processing 
program. To cite a reference, one simply pastes the 
reference wherever the in-text citation should appear. 
EndNote inserts the author’s name and the publica- 
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tion number, which are used to generate the bibliog- 
raphy. To prepare the bibliography, EndNote scans 
the article, replaces the placeholders with citations, 
and prints the list of references at the end of the manu- 
script according to the style chosen. If one later re- 
submits the paper to another journal that requires an- 
other citation style, the program will repeat the pro- 
cess with the new style rules. 


More sophisticated searching is also available. One 
can search through every word in the database. One 
can connect multiple search items with the Boolean 
operators “and,” “or,” and “not” (see Figure). In ad- 
dition, there is a simple command for locating du- 
plicate entries. EndNote supports multiple types of 
references (eg, journal, book, edited book, book sec- 
tion). Frequently used formatting styles such as those 
of Science or The New England Journal of Medicine 
can serve as templates to be edited. (The program 
will hold more than 300 journal styles.) The creation 


of a new style is also easy. With the new version of 
the program, it is now possible to generate bibliog- 
raphies directly from the database for the times one 
wants to use a reference list in a classroom rather 
than in a paper. EndNote includes preformatted lists 
for authors, journals, and key words, and offers the 
capacity for up to 28 additional term lists. The jour- | 
nal term list can store various abbreviations of the 
journal name. The manual for EndNote is 418 pages 
and is well-written. 


Altogether, EndNote provides an excellent com- 
bination of features and ease of use. It is an excellent 
program. 


MICHAEL REISS, MD 
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University of Dresden 
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AND MIDDLE EAR MUCOSA 


JAY M. DUTTON, MD 
CHIRAG D. SHAH 


KAVITA R. KHUBCHANDANI 
JEANNE M. SNYDER, PHD 


KELLI GOSS 


RICHARD J. H. SMITH, MD 
IOWA City, IOWA 


In the present study, pulmonary surfactant protein A (SP-A) messenger RNA (mRNA) and protein were characterized in adult 
rabbit middle ear and maxillary sinus. Fifteen adult rabbits were used for the study: 6 with evidence of acute middle ear infections 
and maxillary sinusitis, 6 with infections that were successfully treated with tetracycline, and 3 that were pathogen-free. We detected 
SP-A mRNA in maxillary sinus and middle ear tissues by Northern blot analysis and reverse transcriptase—polymerase chain reaction 
(RT-PCR). The RT-PCR also revealed the presence of SP-B and SP-C mRNA in middle ear and sinus tissues. We detected SP-A 
protein, of molecular weight approximately 29 and 70 kd, in middle ear and sinus tissues by immunoblot analysis. Unlike the SP-A 
protein present in the lung, the molecular weight of the SP-A protein present in the middle ear and paranasal sinus was not altered by 
digestion with an enzyme that cleaves N-linked carbohydrates. Immunostaining and in situ hybridization showed that SP-A protein 
and mRNA, respectively, were present in surface epithelial cells of the middle ear and in epithelial cells of submucosal glands in 
sinus tissues. These data provide the first evidence of the presence of pulmonary surfactant proteins in the paranasal sinuses and 
confirm previous reports of SP-A in the middle ear epithelium. = 


KEY WORDS —~ middle ear, paranasal sinus, SP-A, SP-B, SP-C, surfactant proteins. 


INTRODUCTION 


Acute sinusitis and otitis media are common infec- 
tious processes in the human population. !? Adequate 
treatment of these diseases frequently necessitates 
antibiotic therapy and, in chronic or recurrent cases 
refractory to medical therapy, may require surgical 
intervention.!.2 Thus, a greater understanding of the 
pathophysiological processes involved in sinusitis 
and middle ear infections could lead to new and more 
effective treatment options. 


It has been reported that immunoreactive pulmona- 
ry surfactant protein A (SP-A), a pulmonary surfac- 
tant—associated protein that is thought to facilitate 
the clearance of microbial pathogens from the lung 
alveolus, is present in the human middle ear 24 The 
middle ear cavity is lined by respiratory epithelium, 
as are the eustachian tube; paranasal sinuses, and con- 
ducting airways of the lung.56 Respiratory epitheli- 
um consists of pseudostratified, ciliated, columnar 
epithelium with goblet cells that overlies mixed se- 
rous-mucous submucosal glands.° It has been report- 
ed that in the human, SP-A is present in submucosal 
glands in the conducting airways of the lung.” 


Pulmonary surfactant is a lipoprotein substance, 
synthesized and secreted by the alveolar type II cell, 


that reduces surface tension at the air-alveolus inter- 
face.!° Surfactant is required for proper lung func- 
tion, and a deficiency of surfactant in premature hu- 
man newborns results in neonatal respiratory distress 
syndrome, a leading cause of neonatal morbidity and 
mortality.!! Interestingly, a surfactant-like material 
has been identified in washings from the middle ear 
cavity and the eustachian tube that reduces surface 
tension and contains phospholipids that are charac- 
teristic of lung surfactant.!2-!4 It has been proposed 
that the surfactant-like material present in the middle 
ear and eustachian tube prevents collapse of the eu- 
stachian tube during normal functioning. !%-14 


Pulmonary surfactant consists of (approximately) 
80% phospholipid, 10% cholesterol, and 10% pro- 
tein.!° Surfactant protein A, the most abundant and 
best-characterized surfactant-associated protein, is an 
approximately 35 kd sialoglycoprotein.» It regulates 
surfactant homeostasis in the alveolus by influenc- 
ing the synthesis and secretion of surfactant phospho- 
lipids and by regulating surfactant recycling by the 
alveolar type II cell.!> It also plays a role in local 
defense mechanisms at the level of the alveolus.!¢ 
For example, SP-A has been shown to activate alve- 
olar macrophages.!’ Surfactant protein A promotes 
the macrophage-mediated uptake of Jung pathogens 
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such as Streptococcus pneumoniae, Haemophilus in- 

fluenzae, Staphylococcus aureus, and Pseudomonas 
aeruginosa.'!© These organisms are also common 
pathogens in middle ear and paranasal sinus infec- 
tions. |. 


Each SP-A protein molecule consists of an amino 
terminal type IN collagen—like region and a carboxy 
terminal region characterized by a globular domain 
that has sequence homology to mammalian lectins. 1? 
Surfactant protein A forms trimers that aggregate in 
groups of 6 to form the SP-A molecule found in puri- 
fied surfactant, ie, an octadecamer of individual SP- 
A molecules.!> Posttranslational modifications of 
SP-A include glycosylation with N-linked carbohy- 
drates.!> Surfactant protein A has sequence and struc- 
tural homology to several other proteins, including 
the Clq component of complement, surfactant pro- 
tein D, and mannose-binding protein (MBP).!8 To- 
gether, these proteins, all of which are involved in 
host defense mechanisms, are known as the collectin 
family of proteins.!8 Mannose-binding protein is se- 
creted by the liver and acts to help clear pathogens 
from the circulation. It has been reported that muta- 
tions in MBP are associated with increased levels of 
systemic infection in affected individuals.!° We hy- 
pothesize that SP-A, a collectin found in respiratory 
epithelium, is present in the middle ear and paranasal 
sinuses and may be an important factor in confer- 
ring local immunity in these anatomic sites. 


MATERIALS AND METHODS 


Tissue. Fifteen adult male rabbits were purchased 
for this study. Six rabbits were obtained from the 
Knapp Creek Rabbitry, Amana, Iowa. All of these rab- 
bits were noted to have evidence of acute or chronic 
sinus and middle ear infections upon direct exami- 
nation after euthanization. The pathogen in the infec- 
ted animals was identified by culture to be Pasteur- 
ella multocida. A high proportion of rabbits harbor 
this pathogen and show symptoms of infection with 
stress. Six additional animals obtained from the same 
source were treated for 7 days with oral tetracycline 
and had no evidence of acute infection after this treat- 
ment. Three rabbits obtained from Harlan Sprague 
Dawley (Indianapolis, Ind) were reared in a patho- 
gen-free environment. All animals were euthanized 
by rapid injection of sodium pentobarbital (500 mg) 
in an ear vein. Tissue samples were obtained by curet- 
tage from the maxillary sinuses and the middle ear. 
Lung, trachea, and liver were also collected from each 
animal. All tissues were immediately frozen in li- 
quid nitrogen and stored at —~70°C. 


RNA Isolation, Frozen tissue was homogenized in 


A 





A B C A B 


Fig l. Surfactant protein A (SP-A) messenger RNA 
(mRNA) in rabbit middle ear and sinus tissues. Total RNA 
was isolated, separated by gel electrophoresis, transferred 
to membrane, and probed with radiolabeled rabbit SP-A 
complementary DNA (cDNA). A) Northern blot analy- 
sis of SP-A mRNA in adult rabbit lung (lane A), trachea 
(lane B), and maxillary sinus (lane C). Ear and sinus in 
this animal were infected. SP-A mRNA (1.9 kb, arrow) 
was detected in lung, trachea, and maxillary sinus. B) 
Northern blot analysis of SP-A mRNA in adult rabbit 


lung (lane A) and middie ear (lane Bi Middle ear was 
infected in this animal. SP-A mRNA (arrow) was detected 
in lung and middle ear tissues. 


I mL of RNA extraction mixture, and total RNA was 
isolated as described previously.?? The precipitated 
RNA pellet was washed with 75% ethanol, air-dried, 
and resuspended in sterile RNase-free, DNase-free 
water. RNA was quantified by absorbance at 260 nm, 
and purification was determined by the ratio of absor- 
bance at 260 to 280 nm. Ten to 20 ug of RNA was 
electrophoresed on 1.2% agarose/5% formaldehyde 
gel. A Polaroid photograph of the ethidium bromide— 
stained gel was obtained under ultraviolet (UV) light. 
The RNA was transferred by capillary action to a 
positively charged nylon membrane (Nytran Plus, 
Schleicher and Schuell, Kenne, NH) and cross-linked 
to the membrane by UV irradiation in a GS Gene 
Linker (Bio-Rad, Hercules, Calif). 


Northern Blot Analysis. A rabbit complementary 
DNA (cDNA) probe for SP-A (gift from Dr Carole 
R. Mendelson?!) was radiolabeled with [a-7?P] de- 
oxycytosine triphosphate (approximately 3,000 Ci/ 
mmol; Amersham, Bedford. Mass) with a random- 
primer kit (Boehringer Mannheim Biochemicals, In- 
dianapolis, Ind). Prehybridization of the membranes 
was carried out for 6 hours, and then the labeled cDNA 
probe was added (1 x 10° cpm/mL) and allowed to 
hybridize overnight. Membranes were washed and 
exposed to X-ray film (Eastman Kodak Co, Roches- 
ter, NY) with an intensifying screen at —70°C as de- 
scribed previously.’ 


Reverse Transcriptase—Polymerase Chain Reac- 
tion. One microgram of RNA was reverse-transcribed 
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Fig 2. Reverse transcriptase—polymerase chain reaction (RT-PCR) for SP-A mRNA in rabbit middle ear anc SINUS. 
One microgram of total RNA from each sample was reverse-transcribed and amplifiec d by PCR. Size of expected 


A P 


PCR product i is 387 bp (arrows). A) Rabbit lung contained SP-A mRNA (lane ©), 








A BC D 


while rabbit liver did not Gane B). 


SP- A mRNA was detected in 2 different rabbit middle ear samples (lanes D and E) B) SP-A mRNA was de ree din 
2 different rabbit maxillary sinus samples (lanes D and E). Rabbit lung contained SP-A mRNA (lane B), while rabbit 
liver did not (lane C). One kilobase DNA ladder (Gibco-BRL) was used as molecular weight standard (lane A in both 


panels). 


to cDNA in the presence of RNase inhibitor, oligo 
dT primer, and murine Maloney leukemia virus re- 
verse transcriptase (RT; Gibco-BRL Life Technolo- 
gies, Inc, Rockville, Md) in a 30-uL volume for | 
hour at 37°C. Five microliters of the RT reaction was 
amplified by polymerase chain reaction (PCR) with 
Amplitaq Polymerase (Perkin-Elmer, Foster City, 
Calif) and gene-specific oligonucleotides. The fol- 
lowing parameters were used for all PCR amplifica- 
tions: denaturation at 94°C for 10 minutes, followed 
by 40 cycles that consisted of 30 seconds of denatur- 
ation (94°C), 30 seconds of annealing (55°C), and 
30 seconds of elongation (72°C). After completion 
of amplification, the reaction mix was heated for 10 
minutes at 72°C. Oligonucleotides used for amplifi- 
cation were as follows — SP-A: sense strand 5'-CTA 





A BCDEF 


Fig 3. RT-PCR for SP-B mRNA in rabbit middle ear and 
maxillary sinus. One microgram of total RNA from each 
sample was reverse-transcribed and amplified by PCR. 
Size of expected PCR product is 524 bp (upper arrow). 
Rabbit lung contained SP-B mRNA { ie B). while liver 
did not (lane E). Approximately 300 bp SP-B mRNA 
product (lower arrow) was consistently detected in rab- 
bit middle ear (lane C) and maxillary sinus samples (lane 
D). Lane F — PCR control (no RT substrate). One 
kilobase DNA ladder (Gibco-BRL) was used as molecu- 
lar weight standard (lane A). 


GACGAGGAGCTCCAAGCC pee A (nucleotides 
361 to 384) and antisense strand 5-CCCATCTGT- 
GTACATCTCCACACA-3' (nuc lesides 724 dro 747, 

numbering according to Boggaram et al-!): . SP-B: 
sense strand 5'-GCGGCGTCATGGCCAAGTCA- 
CA-3' (nucleotides 2,186to2,207) and antisense strand 
5'-CTTTGCTGGGAGGGCCCCCAGC-3 (nucleo- 
tides 3,688 to 3,709, numbering according to Bogga- 
ram and Margana?’); and SP-C: sense strand 5'- GGG- 
GCCGCTTCGGCATCCCCTG-3 (nucleotides 2,249 
to 2,270) and antisense strand 5-AGCTTGCTTTAT- 
TC TCCTGTGG-3 3' (nucleotides 3,467 to 3 488, num- 
bering according to Boggaram and Margan: 23), Ten 
microliters of each PCR reaction was electr ae resed 
ona 1% agarose gel. A Polaroid photograph of the 





e COEF 


Fig 4. RT-PCR for SP-C mRNA in rabbit middie ear and 
maxillary sinus. One microgram of total RNA from each 
sample was reverse- -transcribed and amplified by PCR. 
Size of expected PCR product is 698 bp (arrow). Rabbit 
lung contained SP-C mRNA (lane B), while liver did not 
(lane €). SP-C mRNA was detected in some rabbit middie 
ear (lane D) and maxillary sinus tissues Gane FE). Lane F 
— PCR control (no RT substrate). One kilot pase DN A 
ladder (Gibco-BRL) was used as molecular weight stan- 
dard (lane A). 
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ethidium bromide—stained gel was obtained under 
UV light. 


in Situ Hybridization. In situ hybridization was 
carried out as described previously.*4+ Seven-microm- 
eter—thick frozen sections were cut at —20°C and 
mounted on glass slides (Superfrost Plus, Fisher, Chi- 
cago, Ill). Sense or antisense [PH] complementary 
RNA (cRNA) probe (approximately 3 x 10° cpm) in 
hybridization buffer was applied to each slide as de- 
scribed previously.*4 Coverslips (HybriWell Cham- 
bers, Lab Vision Corp, Fremont, Calif) were placed 
atop the sections and sealed, and the slides were in- 
cubated at 60°C overnight in a humid chamber. Af- 
ter removal of coverslips, the slides were rinsed as 
described previously.** The sections were dehydrated 
through an ethanol series, air-dried, coated with nu- 
clear track (NTB-2) emulsion (Eastman Kodak, Ro- 





Fig 5. In situ hybridization of SP-A mRNA in 
adult rabbit lung. Arrows — type II cells, BV 
— blood vessel, A — conducting airway, bar 
— 100 um. A) Bright field microscopy of adult 
rabbit lung section incubated with PH]-anti- 
sense SP-A complementary RNA (cRNA) 
probe. B) Dark field microscopy of same area 
shown in A, with hybridization in alveolar type 
H cells (arrows). C) Bright field microscopy 
of adult lung tissue section incubated with [7H]- 
sense SP-A cRNA probe. D) Dark field mi- 
croscopy of area shown in D, with no evidence 
of hybridization. 


chester, NY), dried, and exposed in a light-proof box 
at 4°C. Autoradiograms were developed in D-19 de- 
veloper, rinsed in distilled water, fixed in Rapid Fix- 
er (Kodak), rinsed in distilled water, stained with he- 
matoxylin, dehydrated, and mounted with glass cov- 
erslips. A section of rabbit lung tissue was included 
on every slide as a control. 


Immunoblot Analysis. Tissue was homogenized in 
sterile water containing phenylmethylsulfony! fluo- 
ride (1 mmol/L), and the homogenate was centrifuged 
at 600g for 10 minutes at 4°C. The supernatant was 
collected and the protein concentration measured by 
the method of Bradford.*> Between 50 and 100 ug 
of total protein homogenate was separated by electro- 
phoresis on a 10% polyacrylamide minigel (BioRad) 
with Tris-glycine—sodium dodecyl sulfate (SDS) buf- 
fer (BioRad). After separation, the proteins were elec- 
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Fig 6. In situ hybridization of SP-A mRNA in 
maxillary sinus tissues. L —- lumen, asterisk 
——~- submucosal tissue, arrow — epithelium, bar 
— 100 um. A) Bright field microscopy of 
maxillary sinus tissue section incubated with 
{7H ]-antisense SP-A cRNA probe. B) Dark field 
image of same area shown in A, demonstrating 
hybridization in submucosa (asterisk} and lack 
of specific hybridization to surface epithelium 
(arrow). C) Bright field microscopy of sinus epi- 
thelium hybridized with [*H]-sense SP-A probe. 
D) Dark field microscopy of area shown in C, 
showing background hybridization. 


trophoretically transferred to Immobilon membranes 
(Millipore Corp, Bedford, Mass). The unoccupied 
sites on the membranes were blocked by incubating 
the membranes in blocking buffer (7% nonfat dry milk 
in 0.1% Tween 20, 150-mmol/L sodium chloride, and 
10-mmol/L Tris-hydrochloride [HCI], pH 7.5) over- 
night at 4°C. The membranes were then incubated in 
goat anti-rabbit SP-A antibodies*® for | hour at room 
temperature with gentle agitation. After five 6-minute 
rinses in 0.1% Tween 20, 150-mmol/L sodium chlo- 
ride, and 10-mmol/L Tris-HCI (TNT), the membranes 
were incubated in rabbit anti-goat IgG conjugated to 
horseradish peroxidase (Cappel, ICN Pharmaceuti- 
cals Inc, 1:5,000 in blocking buffer) for 45 minutes 
at room temperature. After six 5-minute washes in 
TNT, the reactive immune complexes were detected 
by means of enhanced chemiluminescence (Amer- 





sham Life Sciences-USB, Arlington Heights, HI) and 
blue-sensitive film (Midwest Scientific gr Louis, 





Mo). 
Deglycosylation. Proteins in the homogenates were 
pe as with the enzyme peptide- N-glycosi- 
dase F (PNGF: Boehringer Mannheim). 7" One hun- 


dred micrograms of protein was denature sd by addi- 
tion of 2.5 uL of l-mol/L E 1/5% SDS 
in a total volume of 50 uL followed by boiling for 5 

minutes. The mixture was cooled and divided € dE 
into 2 tubes. We added 18.5 uL Tris-HCI, pH 8.0, 
and 6.5 uL 10% Triton X-100 to each tube. one unit 
of enzyme (I uL) was added to one tube. while the 
other tube received | uL of Tri s bulfer fcontrol}, Both 
tubes were incubated overnight at 37°C, and the re- 
action was stopped by boiling the tubes for 5 min- 
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utes. Then, 25 uL of each reaction was analyzed by 
immunoblotting as described above. 


immunostaining. Seven-micrometer frozen sec- 
tions of the middle ear, sinus, and lung tissue were 
mounted on glass slides (Superfrost Plus, Fisher). 
Sections were fixed for 10 minutes in 10% formalin 
in phosphate buffered saline (PBS), rinsed in PBS, 
and immunostained with a Vectastain Elite kit (Vec- 
tor Labs, Burlingame, Calif) by following the manu- 
facturer’s protocol. After blocking of nonspecific sites 
with normal goat serum, slides were incubated for | 
hour in guinea pig anti-human SP-A antibodies.” The 
tissue sections were rinsed with PBS and incubated 
in biotinylated secondary antibody for 30 minutes 
and then rinsed and incubated in avidin-peroxidase 
reagent for 45 minutes. After rinsing, sections were 
incubated in substrate, ie, 0.7 mg/mL diaminobenzi- 





Fig 7. In situ hybridization of SP-A mRNA in 
maxillary sinus tissue. Arrows — submucosal 
gland ducts, asterisks —- submucosal gland 
secretory cells, bar — 100 um. A) Bright field 
microscopy of maxillary sinus tissue incubated 
with PH ]-antisense SP-A cRNA probe. B) Dark 
field microscopy of area shown in panel A, with 
hybridization in submucosal glands (asterisks). 
Ducts are indicated with arrows. C) Hematoxy- 
lin-stained section of maxillary sinus tissue 
showing submucosal gland ducts (arrows) and 
secretory cells (asterisks). D) Bright field mi- 
croscopy of submucosal gland tissue incubated 
with [*H]-sense SP-A cRNA probe. E) Dark 
field microscopy of area shown in panel D, with 
no evidence of hybridization. 


dine (Sigma, St Louis, Mo) in PBS. Sections were 
rinsed, counterstained with hematoxylin, dehydrated, 
and mounted with coverslips. Sections were photo- 
graphed with a Nikon FX photomicroscope (Nikon, 
Melville, NY). 

RESULTS 


Surfactant protein A messenger RNA (mRNA) was 
detected in adult rabbit lung, trachea, middle ear, and 
maxillary sinus tissues by Northern blot analysis (Fig 
l). It was detected in the middle ear and/or sinus tis- 
sues of 7 of 13 animals examined by Northern blot 
analysis. The size of the SP-A mRNA transcript was 
the same in all of the tissues. However, the amount 
of SP-A mRNA was almost always less in the middle 
ear and sinus tissues as compared to levels in the 
lung. 


Reverse transcriptase~PCR revealed the presence 
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Fig 8. In situ hybridization of SP-A mRNA in middle ear 
tissues. L — lumen, arrows — epithelium, asterisks — 
submucosa, bars — 100 um. A) Hematoxylin-stained sec- 
tion of middle ear tissue. No submucosal glands were 
observed in this sample. B) Bright field microscopy of 
middle ear tissue incubated with [3H ]-antisense SP-A 
cRNA probe. C) Dark field microscopy of area shown in 
panel A, with hybridization present in epithelium and ab- 
sent in submucosa. 


of SP-A, SP-B, and SP-C mRNAs in the rabbit max- 
illary sinus and middle ear (Figs 2-4). The SP-A 
mRNA was detected by RT-PCR in middle ear and 
maxillary sinus, thus confirming our Northern blot 
observations (Fig 2). We were able to detect SP-A 
mRNA in sinus tissues in 12 of 15 animals evaluated 
and in the middle ear tissue of 6 of 8 animals exam- 
ined. The SP-B mRNA was detected in 12 of 15 si- 
nus tissues and 9 of 10 middle ear tissues (Fig 3). 
The size of the SP-B RT-PCR product was smaller 
than that observed in the lung. The SP-C mRNA was 
detected in a few (4 total) middle ear and/or maxilla- 
ry sinus tissue samples (Fig 4). 


In situ hybridization was used to detect intracellu- 
lar SP-A mRNA in lung, maxillary sinus, and middle 
ear tissues. The SP-A mRNA was detected in adult 
rabbit lung tissue primarily in alveolar type H cells 
(Fig 5A,B). In control slides, incubated with the sense 
cDNA probe, only background grains were observed 
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Fig 9. Immunoblot analysis of SP-A protein in rabbit jung, 
middle ear, and maxillary sinus tissues. Human SP-A pu- 

rified from alveolar proteinosis material was also exam- 
ined. Protein homogenates of lung, middle ear, and max- 
illary sinus tissues were separated by polyacrylamide gel 
electrophoresis, transferred to membrane. and then 
probed with polyclonal goat anti-rabbit SP-A antibod- 
ies. Approximately 35 kd SP-A monomer and approxi- 
mately 70 kd SP-A dimer were detected in human alveo- 
lar GE material (lane A) and rabbit une tissue 
(lane C) and are indicated by lower and upper long ar- 

rows, respectively, Approximately 29 kd SP, A~ YT 

noreactive band was detected in rabbit middle ear (lane 
E) and in rabbit maxillary sinus (lane a Deelycosylation 
of SP-A by peptide-N- elycosidase-F F (PNGE). enzyme 
that cleaves N-linked carbohydrate GE resulted in 
lower—molecular weight human and rabbit SP-A-im- 
munoreactive bands (lanes D and D, upper and lower 
short arrows). In contrast, molecular weight of SP-A in 
rabbit middle ear and sinus was not altered by PNGF 
digestion (lanes F and H. respectively). 


F G H 


over the lung tissue (Fig SC Di Surfactant protein A 
mRNA was also detected in both the rabbit maxilla- 
ry sinus and middle ear tissues (Figs 6-8). The maxil- 
lary sinus tissue contained large EE s of submu- 
cosal glands (Fig 7C). The SP-A mRNA was primari- 
ly present in epithelial cells of the submucosal glands 
(Figs 6 and 7). In contrast, in the middle ear tissues, 
the SP-A mRNA was present primarily in the sur- 


face epithelium (Fig 8). There were few glands in 
the middle ear submucosal tissue (Fig 8). 


Immunoblot analysis revealed the presence e of SP- 

A protein in rabbit maxillary sinus and m id die ear 
tissues (Fig 9). It was detected as approximately 70 
kd, 35 kd, and 29 kd bands in adult rabbit lung tissue 
(Fig 9). Human alveolar proteinosis SP-A was de- 
tected as an approximately 35 kd monomer and an 
approximately 70 kd dimer (Fig 9). The SP-A pro- 
tein migrated at a molecular weight of approximately 
29 kd in rabbit middle ear and maxillary sinus tis- 
sues (Fig 9). In the distal lung, SP-A protein has been 
shown to be modified by carbohydrates that can be 
cleaved with PNGF, an enzyme that cleaves N-li nked 
oligosaccharides.” An immunoreactive SP-A band 
of reduced molecular weight (approximately 29 kd) 
was observed in purified human alveolar proteinosis 
SP-A and adult rabbit lung tissue SP-A alter deglyco- 
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sylation (Fig 9). In contrast, the molecular weight of 
the SP-A in middle ear and sinus tissues was not af- 
fected by PNGF digestion (Fig 9). 


Immunostaining for SP-A protein was performed 
on frozen sections of lung, maxillary sinus, and mid- 
dle ear tissues (Fig 10). The SP-A was detected in 
alveolar type If cells in the adult rabbit lung tissue 
(Fig 10A). In the middle ear, most of the SP-A immu- 
noreactivity was detected in the surface epithelium 
(Fig 10B). Immunostaining of the maxillary sinus 
tissues demonstrated evidence of the SP-A protein 
primarily in the submucosal glands (Fig 10C). No 
staining was observed in sinus tissues immunostained 
with PBS instead of the primary antibody (Fig 10D). 


DISCUSSION 


Although often considered nuisance diseases, si- 
nusitis and otitis media have a significant impact both 
on the individual suffering from the disease process 
and on the health care system as a whole. |- The path- 
ophysiologies of sinusitis and otitis media are not 
well understood. While it is well recognized that sys- 
temic immunity plays a role in recurrent or chronic 
sinusitis and otitis media, little attention has been 
given to the role of local immunity in the causation 
of sinusitis and otitis media. 


Surfactant protein A is a lung protein known to 
play an important role in local defense mechanisms 
against bacteria and viruses at the level of the alveo- 
Jus Ip It is a member of the collectin family, proteins 
that mediate local defense against pathogenic micro- 
organisms by acting as opsonins, increasing the up- 
take of pathogens by macrophages, and activating 
the respiratory burst in macrophages.!®-!§ Although 


Fig 10. SP-A immunostaining of 
lung, middle ear, and maxillary si- 
nus tissues. Arrows — brown 
staining for SP-A, SM — submu- 
cosal tissue, L — lumen, bar — 
100 um. A) SP-A was present in 
alveolar type H cells (arrows) of 
adult rabbit lung tissue. B) SP-A 
was localized in surface epitheli- 
um (arrows) of rabbit middle ear 
tissues. Asterisks — epithelium. 
C) SP-A was localized in submu- 
cosal glands (arrows) of maxillary 
sinus tissues. D) No staining was 
observed in maxillary sinus tis- 
sues when phosphate-buffered sa- 
line was used instead of primary 
antibody. 





SP-A in the distal lung is synthesized primarily by 
type If pneumocytes, SP-A has also been shown to 
be present in the respiratory epithelium and submuco- 
sal glands of the conducting airways,’ and there is 
evidence to suggest that it may be present in the res- 
piratory epithelium of the eustachian tube and middle 
ear.*-4 The paranasal sinuses are also lined by respira- 
tory epithelium; however, SP-A has not previously 
been described in this location.® The data presented 
in this study confirm the presence of SP-A in the 
middle ear and suggest that SP-A is also present in 
the paranasal sinuses. 


Surfactant protein AmRNA levels were much low- 
er in the maxillary sinus and middle ear tissues than 
in the lung, as shown by the density of reactive bands 
in Northern blot analysis. In addition, more middle 
ear and sinus samples were positive by RT-PCR, a 
more sensitive technique, than by Northern blot anal- 
ysis. The size of the SP-A mRNA transcript was the 
same in the lung, trachea, middle ear, and sinus tis- 
sues. In general, SP-A mRNA was either undetect- 
able or present in very low amounts in middle ear 
and sinus tissues from pathogen-free rabbits. In ad- 
dition, there did not seem to be a difference in the 
amount of SP-A mRNA in infected animals versus 
those treated with antibiotics. We did not quantify 
the amount of SP-A mRNA in this study and there- 
fore cannot directly address whether infection alters 
SP-A mRNA levels in the rabbit middle ear or para- 
nasal sinus. Other investigators have shown that SP- 
A levels in bronchoalveolar lavage fluid are reduced 
in patients with pneumonia.?® 


An approximately 29 kd SP-A protein was detected 
in middle ear and sinus tissues by immunoblot analy- 
sis. This corresponds to the molecular weight of the 
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unglycosylated SP-A molecule. Another prominent 
SP-A-—immunoreactive band was detected in the mid- 
dle ear and sinus samples at approximately 70 kd. 
Interestingly, the relative proportion of the higher- 
molecular weight SP-A molecule was greater in the 
middle ear and sinus samples than in the lung. Diges- 
tion with PNGF reduced the molecular weight of lung 
SP-A, but had relatively little effect on the molecu- 
lar weight of the SP-A in the middle ear and sinus. 
Together, these data are suggestive that the SP-A in 
the middle ear and sinus tissues is not posttransla- 
tionally modified in the same manner as the SP-A 
protein in the distal lung. __ 


Surfactant protein A mRNA and protein were local- 
ized by in situ hybridization and immunostaining, 
respectively, in the epithelium of the middle ear. 
These observations confirm the previous results of 
Yamanaka et al? and Kobayashi et al.* We also local- 
ized SP-A mRNA and protein in the maxillary sinus, 
specifically in submucosal glands. Surfactant pro- 
tein A has also been detected in fetal and adult hu- 
man conducting airway submucosal glands.”? The 
results of our in situ hybridization and immunostain- 
ing studies were in agreement and are suggestive that 
SP-A is expressed in different sites in the middle ear 


and paranasal sinuses. 


Both SP-B mRNA and SP-C mRNA were also de- 
tected in the middle ear and sinus tissues. Interesting- 
ly, the SP-B PCR product was smaller in both the 
middle ear and sinus tissue than in the lung. The exis- 
tence of an alternatively spliced SP-B mRNA has 
been reported in mouse and rabbit lung tissue.2 The 
alternatively spliced lung SP-B mRNA transcript, 
which constitutes as much as 30% of all SP-B mRNA 
in the mouse lung, has a 69 bp deletion in exon 7.7? 
This region was not included in the PCR product ex- 
amined in the present study; therefore, yet another 
transcript of the SP-B gene may exist. We have not 
further characterized SP-B mRNA expressed in the 
middle ear and sinus. Surfactant protein C mRNA 
was also detected in the middle ear and sinus tissues 
by RT-PCR, although with much less frequency than 
either SP-B or SP-A mRNA. The existence of the 
surfactant protein mRNAs in the middle ear and si- 
nus tissues, combined with previous reports concern- 
ing the presence of surfactant phospholipids and sur- 
face tension—lowering properties.of washes obtained 
from the middle ear and paranasal sinuses, is sugges- 
tive that surfactant systems exist in these sites that 
are similar but not identical to those in the lung. !2-!4 
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CERVICAL VERTEBRAL ANOMALIES IN PATIENTS WITH 
ANOMALIES OF THE HEAD AND NECK 
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Congenital head and neck anomalies can occur in association with vertebral anomalies, particularly of the cervical vertebrae. 
While the former are easily recognized, especially when part of a syndrome, the latter are often occult, thereby delaying their 
diagnosis. The presence of vertebral anomalies must be considered in pediatric patients with head and neck abnormalities to expedite 
management of select cases and to prevent neurologic injury. We present our experience with 5 pediatric patients who were referred 
to the Department of Otolaryngology—Head and Neck Surgery at the University of lowa with a variety of syndromic anomalies of the 
head and neck. Each patient was subsequently also found to have a vertebral anomaly. The relevant embryogenesis of the anomalous 
structures is discussed, with highlighting of potential causes such as teratogenic agents and events and germ-line mutations. A review 
of syndromes having both head and neck and vertebral anomalies is presented to heighten awareness of otolaryngologists evaluating 
children with syndromic disorders. Finally, the findings on radiographic imaging studies, particularly computed tomography, are 
discussed to facilitate the prompt diagnosis of vertebral anomalies. 


KEY WORDS — cervical vertebral anomalies, craniofacial anomalies. 


INTRODUCTION 


Infants and children with craniofacial anomalies 
often have associated abnormalities of the cervical 
spine. While many of the syndromic associations are 
well recognized, such as atlantoaxial instability in 
Down syndrome, scoliosis in Larsen’s syndrome, and 
fused or cervical hemivertebrae in Klippel-Feil anom- 
aly, Goldenhar (oculo-auriculo-vertebral) spectrum, 
and Apert, Crouzon, and VATER {vertebral defects, 
imperforate anus, tracheoesophageal fistula, and ra- 
dial and renal dysplasia) syndromes, the association 
of vertebral anomalies with other syndromes, such 
as fetal alcohol syndrome, is less well recognized 
(see Table!), 


Coexistent anomalies of the cervical spine and head 
and neck may arise due to errors of morphogenesis 
or due to teratogenic insults that affect both develop- 
ing systems. Since craniofacial anomalies fall under 
the purview of the otolaryngologist, an awareness of 
coexistent vertebral anomalies is required, particu- 
larly if patients are scheduled for procedures requir- 
ing the induction of general anesthesia and/or neck 
flexion or extension. The following cases illustrate 
the diverse ways in which pediatric patients with ver- 
tebral anomalies present to the otolaryngologist and 
stress the importance of considering the presence of 
vertebral anomalies when evaluating infants and chil- 


dren with head and neck anomalies. 


CASE REPORTS 


Case I: Klippel-Feil Anomaly. The first patient, 
the product of an uncomplicated pregnancy, was de- 
livered vaginally without known trauma. She was 
noted to have congenital hip dysplasia, and at approx- 


‘ imately 1 month of age was found to have left torti- 


collis and started on physical therapy. At 3 months 
of age, an otolaryngological referral was made by 
the physical therapist, who noted respiratory prob- 
lems and perioral cyanosis with the onset of neck 
exercises. 


Physical examination confirmed the presence of 
severè left head tilt with superior rotation of the chin 
to the right (Fig 1A). There was also mild asymme- 
try of the face. The entire left sternocleidomastoid 
muscle was firm and larger than the right, although 
a discrete mass was not palpable. The remainder of 
the head, neck, and neurologic examination findings 
were normal, including the position of her posterior 
hairline. 


Computed tomography (CT) of the vertebral col- 
umn showed incomplete ossification of the anterior 
arch of the atlas (C1), lack of fusion of the posterior 
arch, and rotation of C1 with relationship to the skull 
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COMMON SYNDROMES WITH OTOLARYNGOLOGICAL AND VERTEBRAL ANOMALIES 


Syndrome or Sequence 
Down 


Klippel-Feil 


Apert’s 
(acrocephalosyndactyly) 


Crouzon’s (craniofacial 
dysostosis) 


Turner’s 


Oculo-auriculo-vertebral 
spectrum (Goldenhar’s) 


VATER 


Wildervanck (cervico- 
oculo-acoustic) 


Achondroplasia 


Larsen’s 


Mucopolysaccharidoses 


Gorlin 


Osteogenesis imperfecta 


Ehlers-Danios 
Fetal alcohol 


Otolaryngological Findings 


Epicanthal folds, macroglossia, fissured tongue, short neck, char- 
acteristic facies, flat nasal bridge, auricular anomalies, narrow 
palate 


Short neck, with limited movement and webbing (flared trape- 
zius muscle), low posterior hairline, sensorineural or congenital 
hearing loss 25% to 50%, cleft palate 17% 


Wide nasal root extending into midline cervical defect, cranio- 
synostosis, beak nose, cleft palate, stapedial fixation, prominent 
supraorbital ridges, orbital hypertelorism, shallow orbits, hypo- 
plastic midface with relative mandibular prognathism, syndactyly 


Cranicsynostosis, maxillary hypoplasia, shallow orbits, propto- 
sis, occasional cleft lip and palate, conductive hearing loss 


Pterygium colli, auricular anomalies, epicanthal folds, ptosis, low 
posterior hairline, occasional cleft palate or high arched palate, 
cervical cystic hygromas 


Hemifacial microsomia, epibulbar dermoids, colobomas, atresia, 
microtia, preauricular skin tags, conductive or sensorineural 
hearing loss, facial nerve anomalies, micrognathia, macrostomia, 
cleft lip and/or palate 


Tracheoesophageal fistula with esophageal atresia 


Klippel-Feil anomaly with sensorineural hearing loss, sixth nerve 
palsy, retracted globe, preauricular skin tags, malformed pinnae, 
fused ribs 


Large calvaria with frontal bossing, low nasal bridge, midface 
hypoplasia, conductive or sensorineural hearing loss 


Midface retrusion, depressed and broad nasal bridge, congenital 
joint dislocations, congenital or sensorineural hearing loss 


Coarse facial features, prominent frontal bones, synophrys, de- 
pressed nasal bridge with broad tip and wide nostrils, short neck, 
macroglossia, mandibular prognathism 


Nevoid basal cell carcinomas, particularly on face, odontogenic 
keratocysts, intracranial calcification, increased calvaria, promi- 
nent supraorbital ridges, rare cleft lip and/or palate, palmar pits, 
hypoplastic or bifid ribs 


Congenital and/or sensorineural hearing loss, blue sclerae, opal- 
escent teeth 


Hyperextensible skin, joint hypermobility, easy bruising 


Microcephaly, short palpebral fissures, ptosis, epicanthal folds, 
short and upturned nose with broad and low bridge, long and 


smooth philtrum, midface hypoplasia, mild micrognathia, thin up- 


per lip vermilion border, congenital or sensorineural hearing loss 


For comprehensive list of all anomalies of each syndrome, see reference 1. 


base (Fig 1B,C). Posterior segmentation defects of 
C2 and C3 were also noted. The diagnosis of Klip- 
pel-Feil anomaly was made, and the patient was fit- 


Vertebral Anomalies 


Occipital-atlanto-axial instability 


Cervical and/or thoracic fusion 
with or without scoliosis, cervical 
ribs, Sprengel’s deformity 


Cervical fusion (usually C5 and 
C6), progressive calcification, 
foramen magnum stenosis secon- 
dary to Chiari malformation 


Cervical fusion (usually C2 and 
C3 and/or C5 and C6), foramen 
magnum stenosis secondary to 
Chiari malformation 


Cervical hypoplasia 


Cervical fusion, hemivertebrae, 
butterfly vertebrae, hypoplastic 
vertebrae, Chiari malformation, 
spina bifida, scoliosis, anomalous 
ribs 


Cervical segmentation defects 


Cervical fusion, hemivertebrae, 
scoliosis 


Invagination of C1 into foramen. 
magnum with cervicomedullary 

compression, narrowed interpe- 

diculate distances 


Cervical instability, abnormal seg- 
mentation and/or hypoplasia of 
cervical and thoracic vertebrae, 
cervical kyphosis, thoracic scolio- 
sis, flattened vertebral bodies 


Vertebral anomalies prevalent in 
types I, Il, IV, VI, and VII, cervi- 
cal instability, dysplastic verte- 
brae, os odontoideum 


Cervical and/or thoracic fusion 


Vertical movement of upper cervi- 
cal vertebrae with secondary basi- 
lar invagination, vertebral frac- 
tures, scoliosis 


Cervical ligament instability 


Cervical fusion (usually C2 and 
C3) 


ted with a soft cervical collar. Arenal ultrasound study 
excluded the MURCS association (miillerian duct 
aplasia, renal aplasia, and cervicothoracic somite dys- 
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Fig |. (Case |) A) Infant with severe torticollis referred for evaluation when phy 
was subsequently found to have Klippel-Feil anomaly and associated vertebral anomalies. B) Composite of axial comp 





ical therapy failed to improve head tilt. Infant 





} 
tomography (CT) scans through plane of foramen magnum and atlas (left) and atlantoaxtal articulation (right). Anterior arch 


of C1 is incompletely ossified (arrows, left). Left lateral mass of CI (open arrow, right) has shifted from under 
condyle (solid arrow, right), causing patient’s severe head tilt. Vertical migration of both Cl and C2 (arrowhead. rig 
evident, as components of both structures are noted to project into foramen magnum. C} Compo: =e 
sagittal reconstructions viewing medial and left aspects (left) and medial and right aspects (right) of craniovertebra 


plasia); a hearing screen yielded normal findings. At 
17 months of age, the infant continues to have se- 
vere head tilt, but her neurologic examination remains 
nonfocal. Surgery of the craniovertebral junction is 
scheduled. 


Case 2: Goldenhar’s Spectrum. A 14-year-old girl 
with bilateral grade 3 microtia, atresia, hemifacial 


Fig 2. (Case 2) A) Fourteen-year- 
old girl with Goldenhar’s syn- 
drome with bilateral microtia, 
hemifacial microsomia., and retro- 
gnathia. B} Cervical spine fron- 
tal radiograph shows abnormal 
neck position secondary to cra- 
niocervical fusion defects. 





oowh ` Se t 


site of 3-dimensiona! 





Note shifting of Cl (open arrow, left) relative to skull base and C2 and posterior segmentation defect of C2 and C3 (solni 


arrow, left). On mirror image, note medial shift of lateral mass of Cl (open arrow, right) and vertical migration oi odonto1 
process of C2 (star, right). 


microsomia, severe retrognathia, and malocclusion 
(Fig 2) had had a ventriculoperitoneal shunt placed 


by a local neurosurgeon when she was an infant, but 


regular follow-up visits had not been completed. The 


sx 


patient presented as a teenager to the Department of 
Otolaryngology—Head and Neck Surgery for consid 


eration of surgical repair of her microtia and maloc- 
clusion. Vertebral imaging studies were ordered due 


H 





et 





928 Manaligod et al, Cervical Vertebral Anomalies 





Fig 3. (Case 3) A) Composite of axial CT through craniocervical junction (left) and reformatted sagittal CT of craniocervical 
junction (right) in 7-year-old boy with trisomy 21 and severe atlantoaxial subluxation. Posterior arch of C1 is upwardly rotated 
(open arrow, left) such that it lies in same horizontal plane as posterior rim of foramen magnum, also known as ex-occiput 
(solid arrow, left). Note also that odontoid process of C2 (arrowhead, left) is displaced posteriorly and into foramen magnum. 
Midsagittal reconstruction also demonstrates upward rotation of Cl (arrowhead, right) and odontoid process (arrow, right) 
into foramen magnum. B) Three-dimensional CT bone reconstruction of craniovertebral junction, demonstrating absence of 
anterior arch of C1 (white arrow) and posteriorly displaced odontoid process of C2 (black arrow) markedly reducing diameter 


of spinal canal. 


to the high association of vertebral anomalies with 
hemifacial microsomia and Goldenhar’s spectrum. 
Cervical films showed diffuse multilevel segmenta- 
tion anomalies, including hemivertebra and butter- 
fly vertebra and fusion defects at the levels of C3 
and C4, C5 and C6, and C7 through T1 (Fig 2). Par- 
tial atlas assimilation with atlantoaxial dislocation 
was also present, and the second vertebra was situ- 
ated within the spinal canal. The patient was referred 
to the Neurosurgical Service, and it was recom- 
mended that magnetic resonance imaging be per- 
formed to help determine the patient’s management. 


Case 3: Trisomy 21. Amale child with trisomy 21 
was referred to the Department of Neurosurgery at 7 
years of age for the management of C1-C2 subluxa- 
tion. The diagnosis of subluxation was established 
incidentally by the child’s local otolaryngologist, to 
whom he had been referred for a hearing evaluation. 
The parents related the diagnosis of a possible sel- 
zure disorder approximately | year prior, when the 
child collapsed, became cyanotic, and was unable to 
move. This history prompted the astute otolaryngolo- 
gist to image the cervical spine, documenting severe 
atlantoaxial subluxation with cervicomedullary com- 


pression (Fig 3). The effective spinal canal diameter 


was 6 mm during neck extension and only 3 mm dur- 
ing neck flexion. These findings were thought to ac- 
count for the brief episode of “collapse,” which was 
likely followed by a period of acute traumatic quadri- 
paresis. It is interesting to note that flexion and ex- 
tension films obtained at 4 years of age were report- 
edly normal. 


After reduction with halo traction and vest immo- 
bilization, the patient underwent posterior decom- 


pression of the foramen magnum, removal of the pos- 
terior arch of C1, and fusion of the occiput to C2 and 
C3. He recovered well postoperatively and was main- 
tained in halo immobilization for 5 months, at which 
time bony union of his fusion site was confirmed 
radiographically. 


Case 4: Cleft Lip. A 3-month-old boy presented to 
the Craniofacial Clinic in the Department of Otolar- 
yngology—Head and Neck Surgery for evaluation of 
a cleft lip deformity. By history, both the pregnancy 
and vaginal delivery were uncomplicated. Physical 
examination revealed an incomplete cleft of the left 
lip, with an intact alveolus and palate. The remain- 
der of the head and neck examination yielded unre- 
markable findings, with the exception of mild orbital 
asymmetry, which prompted evaluation for coexist- 
ent craniosynostosis. The cranium appeared normal 
on skull films, but absence of the anterior arch of C| 
was noted. Computed tomography of the cervical ver- 
tebrae confirmed these findings and also disclosed 
absence of the posterior arch of CI and a bifid pos- 
terior arch of C2 (Fig 4). The patient was evaluated 
by the Neurosurgical Service and fitted with a soft 
cervical collar. 

At 9 months of age, the patient underwent repair 
of his cleft lip and was intubated fiberoptically for 
the procedure. At 10 months of age, cervical radio- 
graphs showed normal vertebral alignment but ab- 
sence of an ossified anterior arch of C1. The patient’s 
neurologic development is satisfactory. 


Case 5: Larsen’s Syndrome. A 7-year-old boy with 
Larsen’s syndrome had had a tracheotomy at age 15 
months for severe tracheomalacia and bronchoma- 
lacia. At age 4 years, the patient was weaned from 
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inspiratory-expiratory positive airway pressure and 
referred to our institution for possible decannulation. 
Severe suprastomal collapse was noted, and the pa- 
tient was decannulated following single-stage laryn- 
gotracheal reconstruction. 


By 7 years of age, severe cervicothoracic kypho- 
scoliosis had destabilized both the cervical and tho- 
racic vertebrae. A posterior fusion of C6 through T12 
was performed with anterior release and a rib strut 
graft from C6 to T4. The patient failed multiple at- 
tempts at extubation following the surgery, and a tra- 
cheotomy tube was replaced for prolonged ventila- 
tory support. Seven months later, the patient was de- 
cannulated following revision single-stage laryngo- 
tracheal reconstruction. 


DISCUSSION 


Knowledge of cervical vertebral embryology is in- 
strumental in understanding the pathogenesis of de- 
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Fig 4. (Case 4) A) Axial CT scan at level of Cl. Note scant 
ossification of anterior arch (small solid arrow) and absence 
of ossification of posterior arch (large solid arrow}. Close 
inspection reveals soft tissue shadow in region of anterior 
arch (arrowheads) and posterior arch, likely representing pri- 
mordial cartilage model of vertebrae. Ge process of 
C2 is in normal position (open arrow). B) Axial CT sean e 
level of C2. Note bifid posterior arch (arrowhead). Multiple 
ossification centers of vertebral body are normal and are di f- 
ferentiated radiologically from fracture T a their sym- 
metry and margination (open arrows), C) Three-dime nsional 
CT bone reconstruction of craniovertebral junction viewed 
from anterior direction. Note absence of ossified anterior 
arch of Cl (curved arrows). Straight arrow — odontoid pro- 
cess. 


ai 


velopmental anomalies. The neural tube forms early 
in embryological development. At 16 to [& days of 


vw 


+ 


gestation, mesodermal cells condense in the Se 
to form the notochordal process. During weeks 2 to 
4, the notochordal process flattens and de fe 
to form the notochordal plate, which in turn invagi- 

nates to form the notochord. During this same ume 
period, the overlying neural plate thickens and also 
invaginates, forming the neural groove and folds. By 
the fourth week, the neural folds fuse to form the 
neural tube. Vertebral formation begins simultane- 
ously, when sclerotomal mesoderm from the somites 
migrates toward the notochord. In a phenomenon 
called Neugliederung (resegmentation). the caudal 
half of each sclerotome thickens and fuses with the 
cephalad half of the next sclerotome. Each vertebre 

is thus composed of 2 different halves of adjacent 
sclerotomes. Subsequently, the mesenchymal cells 
of the primordial vertebra grow ventrally to form the 
vertebral body, dorsally to form the vertebral arch, 
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and laterally to form the transverse processes and 
ribs. 

Chondrification of the primitive vertebral column 
begins during week 6 of gestation. The vertebral arch 
does not fuse until chondrification is completed at 
week 12. Before chondrification is complete, ossifi- 
cation starts during week 8 in ossification centers of 
the vertebrae in which cartilage is already formed. 
Generally, ossification should be complete enough 
that the anterior and posterior arches of the verte- 


brae are evident radiographically at birth. Fusion of ` 


the spinous, articular, and transverse processes is ac- 
tually not complete until the seventh year of Die, 


Development of both a notochord and a neural tube 
is necessary for complete cartilaginous induction of 
the vertebrae from the sclerotomal mesoderm. Ex- 
perimental removal of the neural tube in animals 
causes failure of vertebral arch formation, and remov- 
al of the notochord results in agenesis of the verte- 
bral body.? 


Much of the development of the major head and 
neck structures also occurs between 4 and 12 weeks 
of gestation.*-’ The temporal overlap and spatial as- 
sociation of the developing systems helps to explain 
why anomalies of the vertebral column should be 
considered in the presence of other anomalies of the 
head and neck. 


Insults to the maturing embryo may occur in the 
form of intrauterine trauma, vascular insufficiency, 
or systemic teratogens, including ethyl alcohol, anti- 
convulsants, vitamin A congeners, folate antagonists, 
and coumadin.! Inherited abnormalities can arise as 
the result of germ-line mutations involving molecu- 
lar pathways critical for mesenchymal condensation, 
resegmentation, and/or cartilaginous induction.?-!! 
For example, the mammalian homeotic gene (Hox) 
complex includes a family of 38 genes clustered into 
4 linkage groups on 4 different chromosomes. !? 
These linkage groups (termed HoxA, HoxB, HoxC, 
and HoxD) share common DNA-binding sequence 
motifs known as the homeo domain. Within each Hox 
linkage group, each gene can be grouped with at least 
2 other genes from different clusters on the bésis of 
DNA sequence homology. Expression is sequentially 
regulated on the anteroposterior axis of the embryo, 
leading to the formation of 13 paired groups within 
the Hox gene family.’ Disruption of specific Hox 
genes alters vertebral development in mice, giving 
rise to phenotypes characterized by the formation of 
C2 anterior arches, cervical ribs, and shoulder shift- 
ing.” These changes are similar to those of the Spren- 
gel deformity and Klippel-Feil anomaly seen in hu- 
mans. 


Our experience suggests that most vertebral enom- 


alies are asymptomatic. However, the apnea episodes 
experienced in case 1 and the traumatic quadriparesis 
experienced in case 3 illustrate the potential morbid- 
ity that can occur if diagnosis and treatment are de- 
layed. Neurologic symptoms arise from compression 
of the brain stem, cranial roots and nerves, spinal cord, 
or vertebral arteries. Apnea, dysphagia, sensorineu- 
ral hearing loss, nystagmus, internuclear ophthalmo- 
plegia, suboccipital pain, syncope, vertigo, attacks of 
altered consciousness, transient loss of visual fields, 
and acute episodes of quadriplegia can result.13-!5 
Torticollis is the most:common muscular presenta- 


‘tion of craniovertebral junction anomalies. Most 


cases of torticollis in infants are due to fibromatosis 
colli (a benign condition thought to arise from intra- 
uterine positioning), but if classic features of torti- 
collis are not present, the possibility of cervical spine 
abnormalities must be considered. 


The association of vertebral anomalies in patients 
with craniofacial syndromes warrants vertebral imag- 
ing in select cases. Imaging studies are routinely ob- 
tained in patients with trisomy 21 due to the increased 
risk of atlantoaxial subluxation.!®-!7 Flexion and ex- 
tension films should be obtained between 2 and 3 
years of age and should be repeated in the early teen- 
age and adult years, with the onset of neurologic 
changes (case 3), and before participating in sports, 
especially the Special Olympics.!® Narrowing of the 
spinal canal with cord compromise due to movement 
of C1 in relation to C2 requires surgical stabiliza- 
Gon. 7 However, normal findings on imaging stud- 
ies do not eliminate the risk of atlantoaxial subluxa- 
tion upon relaxation of the cervical muscles under 
anesthesia, and all patients with trisomy 21 should 
be managed as if they have cervical spine instability 
when under general anesthesia. }> 


Vertebral anomalies are seen relatively commonly 
with Goldenhar’s syndrome (case 2). On the basis of 
this association, it is our recommendation that these 
patients have cervical spine imaging at the time of 
diagnosis or during early childhood. Had our patient 
presented before 14 years of age, surgical correction 
would have been considered to maintain vertebral 
height, prevent progressive scoliosis, and prevent nar- 
rowing of the spinal canal. We would also recom- 
mend craniocervical evaluation in patients with Apert 
syndrome, Crouzon syndrome, or any nonsyndromic 
craniosynostosis. 


The craniovertebral junction is the most commonly 
affected site of cervical vertebral anomalies and com- 
prises the occipital bone surrounding the foramen 
magnum, the atlas (C1), and the axis (C2). It is not 
uncommon for pediatric patients with head and neck 
anomalies to have imaging studies performed prior 
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to presenting to an otolaryngologist, so a review of 
basic radiologic anatomy of the craniovertebral junc- 
tion is presented. 


Most cervical vertebral anomalies can be detected 
by plain radiography if lateral, anteroposterior, open 
mouth, and oblique views are assessed, but obtain- 
ing this series of films in infants and toddlers is dif- 
ficult.!* Cervical flexion and extension films provide 
information about the biomechanics and stability of 
the cervical vertebrae, but are also not easily obtained 
in young patients. Computed tomography provides 
excellent resolution of the vertebrae and has become 
the imaging study of choice. As noted in Case Re- 
ports, the alignment of the vertebrae is seen even 
more clearly with 3-dimensional reconstruction of 
the images. Magnetic resonance imaging may com- 
plement CT scan results by assessing compression 
of the brain stem and spinal cord. 


In reviewing imaging studies, the presence, con- 
figuration, and alignment of each component of the 
craniovertebral junction must be assessed. The fora- 
men magnum adjoins the cranial cavity and the ver- 
tebral canal and is housed by the occipital bone. The 
basiocciput (clivus) forms the anterior margin of the 
foramen magnum, and the ex-occiput, the posterior 
(Fig 5A). The occipital condyles articulate with the 
atlas and are located anterolaterally on the caudal 
aspect of the occipital bone. 


Transverse Process 


Transverse Foramen 


Transverse Process of Atlas 







Fig 5. Schematics of vertebrae. A) Cl (atlas) viewed from 
above. B) C2 (axis) viewed from above. C) Cl and C2 artic- 
ulated and viewed from above. Note how vertebrae are well 
aligned. 


The atlas is an irregularly ring-shaped vertebra that 
serves as a “washer” between the cranium and the 
cervical spine. The anterior and posterior arches of 
the atlas are joined by large lateral masses that bear 
much of the weight of the skull and articulate with 
the occipital condyles (Fig 5A). The transverse pro- 
cesses arise from the lateral masses and house the 
transverse foramen through which the vertebral ar- 
teries course. From the medial aspect of each lateral 
mass projects the transverse ligament that divides 
the spinal canal into an anterior compartment hous- 
ing the odontoid process and a posterior compart- 
ment housing the spinal cord, meninges, and blood 
vessels. The atlas is easily differentiated radiologi- 
cally from the remaining cervical vertebrae, as it lacks 
both a body and a spinous process. 


Like the remaining cervical vertebrae, the anteri- 
or aspect of the axis (C2) is defined by a broad ver- 
tebral body (Fig 5B). The vertebral body is not com- 
pletely ossified at birth, but the junctions of its sev- 
eral ossification centers should not be confused with 
fracture lines, because of their symmetric appearance 
and their margination. The odontoid process (dens) 
projects 1.0 to 1.5 cm above the vertebral body, pro- 
viding the axis with its most distinguishing feature. 
Anteriorly, the odontoid process articulates with the 
posterior border of the anterior arch of the atlas; pos- 
teriorly, it abuts against the transverse ligament (Fig 
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Fig 6. Superimposed axial CT scans at level of CE and 
C2, demonstrating rotatory subluxation. Note that trans- 
verse foramina of adjacent vertebrae are rotated out of 
alignment by 22° (lines). 


5C). The laminae forming the posterior aspect of the 
vertebral foramen are joined to the vertebral body 
by pedicles from which artse the transverse processes. 


In addition to the configuration of each compo- 
nent of the craniovertebral junction, the alignment 
between adjacent structures 1s important to assess. 
Rotation of the vertebrae is best assessed by super- 
imposing axial sections through the occipital con- 
dyles and CT and C2 with the films in a neutral posi- 
tion (Fig 6). 


Vertical alignment is best assessed on coronal or 
sagittal CT reconstructions. Vertical migration of the 
odontoid process above the level of the foramen mag- 
num in the coronal or sagittal plane indicates basi- 
lar invagination. This phenomenon may occur if the 
transverse and cruciate ligaments are lax, as is thought 
to occur tn children with Down syndrome. Basilar 
invagination may also be evident on axial CT im- 
ages, as illustrated in case 3, in which the odontoid 
process of C2 and the posterior arch of C1 severely 
narrowed the foramen magnum and compressed the 
medulla and spinal cord (Fig 3B). The patient's symp- 


toms of cyanosis and acute quadriparesis were likely 
precipitated by neck flexion, which allowed the su- 
periorly positioned odontoid process to further com- 
press the cervicomedullary region. 


Horizontal alignment is assessed by drawing a line 
along the lateral edge of the occipital condyle and 
the lateral borders of CT and C2 on frontal recon- 
structed CT images. If such a line cannot be drawn 
smoothly, then lateral override may exist. 


Patients in whom vertebral anomalies are evident, 
or even suspected, should be referred to a neurosur- 
geon for evaluation and counseling on activity pre- 
cautions. Unstable anomalies may require immobi- 
lization with a cervical collar or halo reduction and 
fusion. As noted in case 2, even stable anomalies may 
require surgical intervention to prevent progressive 
scoliosis and/or compensatory kyphosis. Direct lar- 
yngoscopy and endotracheal intubation often are ex- 
ceedingly difficult in these patients; however, intu- 
bation over a flexible fiberoptic bronchoscope or 
management with a laryngeal mask airway may ob- 
viate the difficulties. 


CONCLUSIONS 


1. Cervical spine anomalies often coexist with 
syndromic anomalies of the head and neck and should 
be detected by radiographic imaging as early as pos- 


neurologic injury. 


2. Insults tothe developing embryo between weeks 
4 and [2 of gestation may affect the axial skeleton 
and the major head and neck structures. Such insults 
include vascular insufficiency, compressive forces, 
intrauterine trauma, systemic teratogens, and germ- 
line mutations. 


3. Vertebral anomalies may be difficult to distin- 
guish from fibromatosis colli in infants who present 
with torticollis. Craniocervical evaluation is recom- 
mended for infants who do not have classic congeni- 
tal torticollis. 
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IMMORTALIZATION OF CHINCHILLA MIDDLE EAR EPITHELIAL 
CELLS BY ADENOVIRUS 12-SIMIAN VIRUS 40 HYBRID VIRUS 
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In order to study the cellular and molecular mechanisms of the pathogenesis of otitis media, a chinchilla middle ear epithelial 
cell line (CMEE-1) with differentiated cell characteristics was established by infection of a primary culture with the adenovirus 12- 
simian virus 40 (Ad12-SV40) hybrid. This cell line has been in continuous culture for 42 passages, whereas the parent cells under- 
went senescence and died at the 8th passage. The cell line also retains epithelial morphology and expresses cytokeratin polypeptides 
4,7, and 18, characteristic markers for epithelia. In Western blots of cell proteins, bands at 94 and 53 kd were labeled after binding 
antibodies against SV40 large T antigen and p53, respectively. Karyotype analysis showed that the cell line is derived from chin- 
chilla epithelial cells. These findings confirm that the cl line is a chinchilla epithelial cell immortalized by the hybrid virus. 


KEY WORDS — adenovirus 12—simian virus 40, cell culture, cell line, chinchilla middle ear epithelial cell, immortalization. 


INTRODUCTION 


The chinchilla has been widely used as an experi- 
mental model for otitis media because of its large 
bulla and its susceptibility to pathogens such as Strep- 
tococcus pneumoniae and Haemophilus influenzae, 
which cause otitis media in humans.!3 The chinchilla 
middle ear epithelial cell line (CMEE-1) is an im- 
portant tool in studying the role of middle ea? epi- 
thelial cells in the pathogenesis of otitis media. Stud- 
ies involving bacterial—host cell interaction and the 
expression of bacterial receptors on middle ear epi- 
thelial cells, for example, will be greatly facilitated 
by the CMEE-1 cell line. 


Since van Blitterswijk et al* first reported a suc- 
cessful cultivation of rat middle ear epithelial zells, 
a number of investigators have primarily or serially 
cultured chinchilla middle ear epithelial cells.>-8 Al- 
though they were successful in establishing primary 
or serial cultures of chinchilla middle ear epithelial 
cells, the cultures were of limited utility because of 
the short life span and limited proliferative ability 
of the chinchilla middle ear epithelial cells. Hence, 
it is impossible to perform pathogenetic studies us- 
ing large numbers of homogeneous cell populations 
without sacrificing several animals. Immortalization 
of middle ear epithelial cells from the Mongolian 
gerbil and rat has been reported.?-!! The present study 
provides the first evidence of immortalization of 


chinchilla middle ear epithelial cells. 


MATERIALS AND METHODS 


Animals. A total of 18 healthy chinchillas (Chin- 
chilla laniger, male, body weight 300 to 400 g) with- 
out middle ear disease were used. 


Culture Medium. The culture medium was the 
same as previously described by Nakamura et al. 
with minor modifications. Our culture medium con- 
sisted of a mixture of 3 parts of Dulbecco’s modi- 
fied Eagle medium (Gibco) and 1 part of nutrient 
mixture F12 (Ham’s F12, Gibco) supplemented with 
10% fetal bovine serum (Gibco), hydrocortisone (0.4 
g/mL; Sigma), isoproterenol (10-6 mol/L; Sigma), 
and antibiotic-antimycotic (1:100 dilution; Gibco). 


Primary Culture. The chinchillas were placed un- 
der general anesthesia with ketamine hydrochloride 
at a dose of 40 mg/kg, intramuscularly (Fort Dodge 
Laboratories, Inc). After the chinchilla bullae were 
removed and opened, the middle ear mucosa was 
separated from the inferior bulla near the tympanic 
orifice of the eustachian tube. To minimize bacterial 
contamination, the mucosa was immersed in normal 
saline with antibiotics (penicillin 100 U/mL, strep- 
tomycin 100 U/mL, amphotericin 0.25 ug/mL) for 1 
hour at 4°C. Under sterile conditions, the mucosa 
was chopped into very fine pieces and then placed 
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in 35-mm tissue culture dishes coated with collagen 
type 1 (Biocoat). A total of 30 such dishes were in- 
cubated in a carbon dioxide incubator at 37°C. After 
24 hours, 2 mL of culture medium was added to each 
dish and incubation was continued. After 3 or 4 days, 
when outgrowth was observed from the explant, the 
culture medium was changed twice a week thereaf- 
ter for continuous growth. By the 8th day in culture, 
all explants of the middle ear mucosa were removed. 
If fibroblasts were found on the outgrowth in some 
dishes, they were physically removed with a scalpel 
under the microscope. Contaminated culture dishes 
were discarded. 


Infection of Ad12-SV40 Hybrid Virus. On day 16 
in primary culture, 8 of the primary culture dishes 
that had achieved 80% confluence were selected for 
viral infection. These primary cells were infected by 
adding 0.25 mL of a 1:10 dilution of adenovirus 12- 
simian virus 40 (Ad12-SV40) hybrid virus in each 
culture dish and incubated for 3 days. The medium 
was then removed and 2 mL of fresh medium was 
added to the cells. The infected cells were allowed 
to grow to 100% confluence and subcultured. As a 
control, 5 of the primary culture dishes were sub- 
jected to continuous culture. Presence of infectious 
virus in the culture medium of the virus-infected cells 
from passages 8 to 10 was checked 3 times by inoc- 
ulating the culture supernatant to Vero cell cultures 
as described.!* After 21 days, if the Vero cells died 
or appeared pathological, the culture was considered 
to be a virus producer. 


Proliferation and Doubling Time. A growth curve 
was plotted and the doubling time was calculated in 
order to determine the proliferative ability of the 
CMEE-1 cells; 1 x 10° of the CMEE-1 cells (pas- 
sage 18) and the parent control cells (passage 3) were 
seeded in a 60-mm petri dish. The number of cells 
in 3 of the CMEE-1! dishes and 2 of the uninfected 
parent control dishes were counted with a hemocy- 
tometer for each time point, and the average num- 
bers for the cell line and parent cells were calcu- 
lated. The growth assay was performed at day 8. De- 
pending on the average numbers, 2 growth curves 
were made and the number of generations and doub- 
ling time in the assay were calculated for the cell 
line and the control cells. The exponential was rep- 
resented as N = N02* or logi0N = log10N0 + xlog102, 
where N is the final cell number, NO0 is the initial cell 
number, and x is the number of generations of expo- 
nential growth. The doubling time during exponen- 
tial growth was calculated as follows: Doubling time 
= Total time elapsed/Number of generations. The sat- 
uration density of CMEE-1 cells and parent control 
cells in 60-mm petri dishes was determined by con- 
tinuous cell count followed by a growth assay over 


a period of 2 days. 


Morphology. For light microscopy, the immortal- 
ized cells and the parent control cells were seeded in 
60-mm petri dishes or 75-cm? flasks and were ex- 
amined and photographed with a phase contrast mi- 
croscope (Zeiss Axiovert 25). For scanning electron 
microscopy (SEM),° the cells cultured on the glass 
coverslips were rinsed with phosphate-buffered sa- 
line (PBS; pH 7.2) and fixed with 2.5% glutaralde- 
hyde in 100-mmol/L cacodylate buffer overnight. 
After washing with cacodylate buffer, the cells were 
immersed in a saturated solution of thiocarbohydra- 
zide for 30 minutes and then in 1% osmium tetrox- 
ide for 1 hour. After washing with distilled water, 
the last 2 steps were repeated. Following graded de- 
hydration with ethanol, the specimens were critical- 
point dried with carbon dioxide and sputter-coated 
with gold, and examined by SEM (Hitachi, S-3200N). 
For transmission electron microscopy (TEM), the 
cells cultured on Thermanox coverslips (Nunc, Inc) 
were fixed with 3% glutaraldehyde in 100-mmol/L 
cacodylate buffer at 4°C for 3 hours before postfixa- 
tion in 1% osmium tetroxide at 4°C for 4 hours. The 
specimens were dehydrated in a graded series of etha- 
nol, embedded in Spurr’s medium (Electron Micros- 
copy Sciences, Fort Washington, Pa), and then cured 
at 60°C for 12 hours. Thin sections were cut perpen- 
dicular to the coverslip, mounted onto grids, stained 
with uranyl acetate and lead citrate, and then exam- 
ined by TEM (Zeiss, EM 902A). 


Immunocytochemistry. Indirect immunofluores- 
cence was used to detect SV40 large T antigen, p53, 
cytokeratin, and vimentin staining. Cells cultured on 
collagen type 1—-coated coverslips were fixed with 
prechilled methanol (—20°C) for 20 minutes, permea- 
bilized with acetone (4°C) for 2 minutes, dried, and 
rinsed with PBS. These cells were blocked with 10% 
normal goat serum for 30 minutes at 37°C and then 
incubated with primary antibodies for 1 hour at 37°C. 
After washing, the cells were incubated with goat 
anti-mouse IgG conjugated with fluorescein isothio- 
cyanate isomer I (FITC; Sigma) for 1 hour at 37°C. 
After washing, the coverslips were mounted on glass 
slides with glycerin mounting gel and observed with 
a light microscope equipped with incident-light fluo- 
rescence (Zeiss, Axiovert 135). 


As primary antibodies, 13 types of cytokeratin an- 
tibodies (Sigma) were used in cytokeratin staining 
to characterize cell types as shown in Table 1.!3-26 
These cytokeratin antibodies recognize cytokeratin 
polypeptides 1, 4-8, 10, 11, 13, and 15-19. Mono- 
clonal anti-vimentin (clone No. V9; Sigma), which 
labels vimentin in fibroblast cells, was employed to 
rule out fibroblast contamination.2”7 Mouse monoclo- 
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TABLE 1. ANTI-CYTOKERATIN ANTIBODIES 


Polypeptide 
Antibody Clone No. Speci,icity 
Anti-cytokeratin peptide 14 CK BI 14 
Anti-cytokeratin peptide 17 CK-E3 17 
Anti-cytokeratin 4.62 K4.62 19 
Anti-cytokeratin peptide 8 M20 8 
Anti~pan-cytokeratin PCK-26 1,5, 6,38 
Anti-cytokeratin 8.12 K8.12 E Së 
Anti-cytokeratin 8.60 K8.60 10, 11 
Anti-cytokeratin peptide 4 6B10 4 
Anti-cytokeratin peptide 7 LDS-68 7 
Anti-cytokeratin peptide 18 CY-90 18 
Anti-pan-cytokeratin C-11 4,5, 6, Š, 
10, 13, 18 
Anti-cytokeratin 8.13 K8.13 Kee 7,8, 
10, 11, 18 
Anti-—pan-cytokeratin Mixture 1, 4, 5, 6, 8, 
of clones 10, 13, 18, 19 


nal antibody against SV40 large T antigen (SV40 
TAg; Ab-2) and mouse monoclonal antibody azainst 
p53 (P53; Ab-1; Oncogene Research Products, Cam- 
bridge, Mass) were used to stain the SV40 large T 
antigen and p53. The specificity of these monoclonal 
antibodies against SV40 large T antigen and p33 has 
previously been established by the vendor. Vero cells 
were used as a negative control in the cytok=ratin 
staining and as a positive control in the vimentin stain- 
ing. The parent cells (non—virus-infected) were used 
as a negative control. 


Colony Formation in Soft Agar. The CMEE-1 and 
parent control cell suspensions (5 x 10* cells per mil- 
liliter) in 2 mL of 0.36% Noble agar with culture 
medium were overlaid onto a 60-mm petri dish con- 
taining 5 mL of 0.96% base agar. We used KE cells 
as a positive control. Viable colonies of each k-nd of 
cells were scored after 21 days. 


Western Blot. The Western blot procedure of Tow- 
bin et al28 was used with modifications. Briefly, con- 
fluent cultures of the cells were washed with PBS 
(pH 7.2) and suspended in buffer containing 100- 
mmol/L sodium chloride and 10-mmol/L Tris (pH 
7.6) with protease inhibitor cocktail and pepstatin 
(Boehringer Mannheim, Inc) at 4°C. One volume of 
sodium dodecyl sulfate—polyacrylamide gel electro- 
phoresis (SDS-PAGE) loading buffer was added, and 
the mixture was boiled for 10 minutes before run- 
ning on a 7.2% gel. The proteins were transferred 
from gels onto nitrocellulose membranes at 259 mV 


Cell Specificity References 
Myoepithelial cells of gland, basal layer of 13 
squamous epithelium 
Myoepithelial cells of gland 14, 15 
Simple, transitional, and metaplastic epithelia 16, 17 
Simple and complex epithelia 14, 18 
Simple and pseudostratified epithelia, cornifying 19, 20 
and noncornifying squamous epithelia 
Basal layer of pseudostratified epithelium, 17,2) 
nonkeratinized squamous epithelium, 
transitional epithelium 
Suprabasal layer of epidermis, individual 16 
cells in squamous epithelium 
Noncornifying squamous and transitional 22,23 
epithelia 
Simple epithelium 17, 24 
Simple epithelium 20, 25 
Most simple epithelia, cornifying and noncorni- 20, 26 
fying squamous epithelia 
Epithelia 16, 17 
Simple and pseudostratified epithelia, corni- 14, 16-20, 26 


fying and noncornifying squamous epithelia 


for 3 to 4 hours in Bio-Rad transfer buffer (pH 7.5). 
The membranes were blocked with 3% skim milk 
and then incubated with mouse monoclonal antibod- 
ies against SV40 large T antigen or p53 for 2 hours. 
Alkaline phosphatase—conjugated anti-mouse IgG 
was used as a secondary antibody. The membranes 
were developed in 5-bromo-4-chloro-3-indolylphos- 
phate p-toluidine salt and nitroblue tetrazolium chlo- 
ride substrate solution (Sigma) at room temperature 
to permit visualization of the bands. 


Chromosomal Analysis. Karyotypic analysis? was 
carried out by Dr Bharati Hukku, Children’s Hospi- 
tal of Michigan, Detroit, Michigan. 


RESULTS 


Primary Culture. A successful outgrowth of the 
chinchilla middle ear epithelial cells was obtained 
in primary culture. By the 3rd day after explanta- 
tion, it was demonstrated that 236 of the 270 ex- 
plants (87.4%) had attached to the surface of petri 
dishes and that an outgrowth of the epithelial cells 
was observed in most explants. On the 8th day after 
explantation, 221 of the 270 explants (82%) demon- 
strated outgrowth. Thirteen of the 30 primary cul- 
tures were selected for virus infection (8) or as con- 
trols (5) on the basis of healthy growth and lack of 
fibroblast contamination. 


Immortalization. Seven weeks after virus infec- 
tion, | of the 8 virus-infected cultures displayed high- 
er growth than the others. These rapidly growing cells 
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Fig 1. Growth curves of CMEE-1 cells and parent con- 
trol cells. Immortalized CMEE-1 cells (passage 18) grow 
faster than parent control (passage 3), noninfected cells. 


reached confluence within 1 week when subcultured 
at a 1:2 ratio, while the parent control cells reached 
confluence within 2 weeks. The high-growth chin- 
chilla middle ear epithelial cells (designated as 
CMEE-1) maintained steady growth potential and 
continued to proliferate for up to 42 passages over 
10 months. However, the parent controls underwent 
senescence and died within 8 passages (4 months). 
Vero cell cultures inoculated with a supernatant from 
the CMEE-1 cells showed no evidence of cytopathic 
effects. 


Proliferation and Doubling Time. A distinct lag 
phase and a distinct log phase were observed for the 
growth curve of the CMEE-1 cells. The lag phase 
showed negligible growth, but the log phase showed 
a strong exponential growth. The parent control cells 
displayed negative growth at lag phase and slower 
growth at log phase. The immortalized cells showed 
a weak but sustained proliferative ability after log 
phase over a period equal to the plateau phase, while 
the parent control cells displayed a short negative 
growth period at the end of their growth curve (Fig 
1). At the 8th day, the generation number of the im- 
mortalized cells was 2.89, and the average doubling 
time was 66.43 hours, while the generation number 
of the parent control cells was 1.33, and the dou- 
bling time was 144.36 hours (Table 2). In log phase, 
the immortalized cells doubled 2.63 times, and the 


doubling time was 45.62 hours; in contrast, the par- ` 


ent control cells doubled 1.38 times, and the dou- 
bling time was 86.59 hours. The saturation density 
of the CMEE-1 cells was found to be 7.13 x 10°, 
-while the parent control cells had a saturation den- 
sity of 2.67 x 105 cells. 


Morphology. When trypsinized, plated, and visu- 
alized after 5 hours, the CMEE-1 cells appeared 
spherical but flattened out with ruffled edges. Sev- 
eral filopodia extended from the ruffled edges. The 
epithelial cells established cell-to-cell contact by 


TABLE 2. CHARACTERISTICS OF CMEE-1 AND 


PARENT CONTROL CELLS 
Parent 
Control 
CMEE-] Cell 


Life span >42 Passages <8 Passages 
Colony formation in soft agar — — 


Saturation density (60-mm dish) 7.13 x 105 2.67 x 105 
Average doubling time (h) 66.43 ` 144.36 
Number of generations (8 d) 2.89 1.33 
Cytokeratin polypeptides 4,7,18 4,7,18 
Vimentin — — 

SV40 large T antigen + — 

p53 + — 


some filopodial projection, then became a confluent 
monolayer. Tight junctions appeared after the cells 
were confluent, and then the typical cobblestone-like 
morphology was observed on the cell monolayer (Fig 
2A,B). A dome formation, which was frequently ob- 
served in primary cultures of chinchilla middle ear 
epithelial cells,2 was rarely observed in CMEE-1 
cells. 


Under a light microscope, the CMEE-1 cell shapes 
were not uniform at the lower passages. With increas- 
ing passages, the cell shapes gradually became uni- 
form and smaller in size with a polygonal shape, a 
distinct cell junction, and a prominent nucleus. How-. 
ever, the parent cells retained similar epithelial shapes 
and size with increasing passages before the cells 
underwent senescence. The parent cells were larger 
than the CMEE-1 cells. The CMEE-1 cells contin- 
ued to divide actively, as demonstrated by the pres- 
ence of mitotic figures (Fig 2A). After about the 10th 
passage, most, if not all, CMEE-1 cells in monolay- 
er became uniform. 


With increasing passages (up to about 30 pas- 
sages), some of the cells changed their morphology. 
A number of elongated fibroblast-like cells without 
distinct cell boundaries appeared in the cultures, and 
some cells showed a few abnormal filopodia. In or- 
der to rule out the possibility of fibroblast contam- 
ination, the high-passage cells were stained with cy- 
tokeratin antibody. These morphologically changed 
cells, including the abnormal filopodia, were 100% 
positive in expression of epithelial cell cytokeratin 
(clone No. C-11). The ciliated cells that had been 
observed in the early stage of primary culture were 
not observed in the advanced passages of the parent 
cells and were never observed in the CMEE-1 cell 
line. 


Upon SEM examination, numerous microvilli of 
different lengths (0.1 to 3 um) were observed in both 
CMEE-1 cells and parent control cells. The density 
of microvilli varied from cell to cell, and some cells 
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showed an uneven distribution of microvilli. For ex- 
ample, in Fig 3B, the distribution of microvilli in | 
part of the cell is sparse, while the rest of the cell 
shows a high density of microvilli. Extremely long 
microvilli often occurred in clusters intermixed with 
short microvilli (Fig 3A), and such long microvilli 
were never observed in primary culture. No ciliated 
cells were observed. 


The TEM observation of uninfected parent con- 
trol cells showed a monolayer of epithelial cells with 
microvilli, clear vesicles, tight junctions, numerous 
mitochondria, and a well-developed Golgi appara- 


Fig 2. Phase-contrast light mi- 
croscopic photograph (original 
x200). A) Sixteenth-passage 
CMEE-I cells after 9 days in cul- 
ture. Polygonal cell shape with 
tight junction (single arrow) and 
large cells with double nuclei 
(double arrows) that are inter- 
preted to be dividing cells are 
shown. B) Sixteenth-passage 
CMEE-1 cells after 12 days in 
culture. Cobblestone-like appear- 
ance that is result of tight junc- 
tion formation is shown. C) Fif- 
teenth-passage CMEE-I cells. 
Dome formation after 14 days in 
culture (asterisk). D) Top of dome 
showing polygonal cell shape and 
tight junction, 





a 





sae 


tus and rough endoplasmic reticulum. Some cells con- 
tained large amounts of osmiophilic particles. Their 
TEM appearance resembled that of glycogen. In some 
instances, cultures of 2 or 3 cell layers were formed. 
The CMEE-1 cells showed distinct tight junctions 
between cells. Most of the CMEE-1 cells showed 
numerous microvilli of different lengths and shapes. 
Some of the microvilli were branched. Sometimes, 
the CMEE- | cells grew in 2 or 3 thin layers (Fig 4). 

[mmunocytochemistry. The cytokeratin staining 
patterns of the parent control cells and the immor- 
talized cells were identical. Both kinds of cells were 





Fig 3. Scanning electron photomicrographs of CMEE-1 cells showing cell size differences. A,B) Numerous microvilli of 
different lengths (0.1 to 3 um) are observed. Extremely long microvilli (single arrow) appear in clusters intermixed with short 
microvilli. Density of microvilli varies from cell to cell. Distinct margins between cells (double arrows) show different sizes 
of CMEE-1 cells and uneven distribution of microvilli on large cell (asterisk). 
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Fig 4. Transmission electron photo- 
graphs of CMEE-I cells. A) Distinct 
tight junction (TJ) with neighboring cells 
and numerous microvilli of different 
lengths are shown. Some of microvilli 
display branched shape (MV). In some 
areas, CMEE-1 cells appear in 2 cell lay- 
ers. N — nucleus. B) CMEE-1 cells in 
monolayer with well-developed tight 
junctions (TJ) and microvilli (MV) of 
different lengths are shown. 








positive for monospecific anti-cytokeratin antibod- 
ies 6B 10, CY-90, and LDS-68. They were also posi- 
tive for broad-spectrum antibodies C-l] and K8.13 
and an anti-cytokeratin antibody mixture of C-I1, 
PCK-26, CY-90, M20, and others (Table 1). These 
antibodies recognize cytokeratin polypeptides 1, 4- 
8, 10, 11, 13, 18, and 19. Neither group of cells re- 
acted with anti-cytokeratin antibodies CK-B1, CK- 
E3, K4.62, PCK-26, K8.12, K8.60, and M20. These 
antibodies recognized cytokeratin polypeptides 1, 5, 
6.8, 10, 11, 13-17, and 19. Taken together, cytokera- 
tins 4, 7, and 18 were positively identified in both 
CMEE-I cells and control parent cells. With the vi- 
mentin antibody, the immortalized cells showed no 
staining, while the Vero cells showed strong posi- 
tive staining (Fig 5). The immortalized cells showed 
positive staining in the nuclei, while the parent con- 
trol cells did not show staining by antibodies against 
SV40 large T antigen and p53 (Fig 6). 


Colony Formation in Soft Agar. After seeding of 
the CMEE-I cells and the parent control cells in soft 
agar for 21 days, neither group of cells grew or 
formed colonies, but the positive control cells — hu- 
man epidermal carcinoma cells (KB) — formed nu- 
merous colonies. 


Western Blot. In Western blots of the cell line, a 
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94 kd band was observed when a monoclonal anti- 
body against SV40 large T antigen was used, whereas 
a 53 kd band was seen with a monoclonal! antibody 
against p53 (Fig 7). 





= 


Chromosomal Analysts. Karyotypic analysis of the 
CMEE-| cell line was performed at passage 21 (Fig 
8). The cells showed normal hyperdiploid chinchilla 
chromosomes with single X and Y chromosomes: 
97% of the chromosome counts were in the 72 to 78 
range (2N = 64). In addition, the cells showed a pair 
of submetacentrics with prominent satellites.-” Cells 











other than CMEE-1 were not detected in the culture 
by cytogenetic evaluation. 


DISCUSSION 


Primary or serial culture of large quantities of chin- 
chilla middle ear epithelial cells is difficult because 
of the short life span and limited proliferative ca- 
pacity of the cells. The probability of fibroblast con- 
tamination further hampers the process when a large 
number of cells are cultured over long periods of 
time.>-° This is a major limitation in studying the cel- 
lular and molecular mechanisms of pathogenesis of 
otitis media. In order to overcome this limitation and 
provide a useful tool for studies of cell-cell interac- 
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Fig 5. Indirect immunofluores- 
cence microscopy. A} Positive la- 
beling of CMEE-1 cells with pan- 
cytokeratin antibody (C-11). B) 
Negative labeling of CMEE-1 
cells with vimentin antibody (V9). 
C) Negative labeling of Vero cells 
with pan-cytokeratin antibody (C- 
11). D) Positive labeling of Vera 
cells with vimentin antibody. 





tion between the infectious bacteria and middle ear The Ad1l2-SV40 hybrid virus has been used to 
epithelial cells, we have successfully immortalized immortalize several cell types from various ori- 
chinchilla middle ear epithelial cells by infection with gins.?-!!.30-34 The SV40 large T antigen plays an im- 
Ad12-SV40 hybrid virus. portant role in the immortalization. The SV40 large 





Fig 6. Immunofluorescence microscopy for expression of SV40 large T antigen and p53 (original x630). A) Posi- 
tive labeling of SV40 large T antigen and B) positive labeling of p53 in nuclei of CMEE-1 cells. C) Negative 
labeling of SV40 large T antigen and D) negative labeling of p53 in nuclei of non—virus-infected parent cells. 
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Fig 7. Western blot analysis of CMEE-1I cells: 53 kd band 
(arrow) was detected with monoclonal antibody against 
p53, and 94 kd band (arrow) was labeled with monoclo- 
nal antibody against SV40 large T antigen. Lane | — 
molecular weight marker, lane 2 — immunoblot with 
antibody against p53; lane 3 — immunoblot with anti- 
body against SV40 T antigen. 


T antigen binds to the protein products of the tumor 
suppressor gene p53, which remains up-regulated in 
transformed cells and appears to be essential for ex- 
tending the proliferative potential of human fibro- 
blast cells.*> The immortalized CMEE-1 cells yielded 
cultures with expression of SV40 large T antigen and 
p53 in the nuclei. The fact that the 94 kd band la- 
beled with SV40 antibody and the 53 kd band la- 
beled with p53 antibody were observed in Western 
blots of CMEE- | cells indicates that both SV40 large 
T antigen and p53 protein are expressed in these cells. 
These results indicate that the SV40 large T antigen 


Fig 8. Chromosome photograph. CMEE-I cells 
showed normal hyperdiploid chinchilla chro- 
mosomes with single X and Y chromosomes, 
and 97% of chromosome counts were between 
72 and 78 (2N = 64). 


and the enhanced levels of p53 expression could be 
responsible for the immortalizing process or main- 
taining the extended life span of the CMEE-| cells. 


Typically, rodent cells isolated from normal tis- 
sue will complete a given number of generations in 
vitro, display a decreased growth potential with in- 
creasing passages, eventually stop growing, and die. 
As described by Nakamura et al.® the growth rate of 
normal chinchilla middle ear epithelial cells in se- 
rial culture slowed after the 7th passage, and by the 
I Ith passage, no further proliferation was observed. 
Although they maintained a continued growth at low 
passages, the parent control cells displayed lower 
growth potential from the 4th passage and eventu- 
ally underwent senescence and died by the 8th pas- 
sage. In contrast, the CMEE-! cells displayed an en- 
hanced growth rate from the 4th passage in compari- 
son to the uninfected control cells, as shown on the 
growth curves. In addition, the CMEE-I cells con- 
tinued to proliferate through 42 passages over 10 
months. The cells did not grow and form colonies in 
soft agar, nor did they form foci on the confluent 
monolayer of cells. Furthermore, chromosomal anal- 
ysis revealed that the CMEE- 1 cell line consisted of 
normal male hyperdiploid chinchilla cells. 


Cytokeratin and vimentin are 2 of 5 intermediate 
filament systems that are prominent components of 
the cytoskeleton. Cytokeratin, which has 19 distinet 
cytokeratin polypeptides in human epithelial ceils, 
is specific for epithelial cells, while vimentin is typi- 
cal of mesenchymal cells*° such as fibroblasts. Al- 
though the expression of cytokeratin in human epi- 
thelial cells has been widely reported, there are very 
few reports demonstrating expression of cytokeratin 
in chinchilla middle ear epithelial cells or other epi- 
thelium. Amesara et al’ reported that chinchilla mid- 
dle ear epithelial cells reacted with cytokeratin anti- 
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body K8.13, which has a broad spectrum of reactiv- 
ity against cytokeratin polypeptides 1, 5-8, 10, 11, 
and 18, and-cytokeratin antibody CK-8, which is a 
monospecific antibody against cytokeratin polypep- 
tide 8. Sano et al!’ reported that the broad-spectrum 
cytokeratin antibodies K8.13, PKK-2, and LU-S, as 
‘well as monospecific cytokeratin antibodies CK-7, 

CK-8, and CK-18, were positive in chinchilla middle 
ear simple epithelium. 


In the current study, both parent control cells and 
CMEE-1 cells were positive for cytokeratin polypep- 
tides 4, 7, and 18. The results were strongly sup- 
ported by the staining of monospecific cytokeratin 
antibodies 6B10, LDS-68, and CY-90 in both cells. 
6B10 recognizes cytokeratin polypeptide 4, LDS- 
68 recognizes cytokeratin polypeptide 7, and CY-90 
recognizes cytokeratin polypeptide 18. On tke other 
hand, neither the CMEE-1 cells nor the parent con- 
trol cells showed vimentin staining, while the Vero 
cells showed strong staining with the vimentin anti- 
body. These results indicate that this cell line origi- 
nated from epithelial cells with no fibroblast contam- 
ination. 


Cytokeratin polypeptide 8 could not be detected 
in either the CMEE-1 or parent control cells in this 
study. This result is different from that obtained by 
Amesara et al,’ perhaps because of the difference in 
sources of monoclonal antibodies used in these 2 
studies. Conflicting results of expression of cytokera- 
tin polypeptide 8 on human middle ear epithelia with 
monoclonal antibodies from different clones has been 
reported. Van Blitterswijk et al?’ used M20, while 
Broekaert et al38 used LE41 — both of which are 
monospecific antibodies against cytokeratin polypep- 
tide 8. However, M20 showed a positive reaction, 
while LE41 showed a negative reaction, with human 





middle ear epithelium. Moreover, Bartek et al? re- 
ported different staining patterns with CK-19 in nor- 
mal human epithelia with 3 monospecific monoclonal 
antibodies. So, the difference in expression of cyto- 
keratin polypeptide 8 between our study and that of 
Amesara et al’ could be due to differences in the 
antibodies used. Negative staining with cytokeratin 
antibody PCK-26 in the present study also differs 
from the results of other investigators, who reported 
this antibody to recognize cytokeratin polypeptides 
1, 5, 6, and 8.!9 It is also possible that the negative 
reaction of M20 on the CMEE-1 and parent control 
cells may be a false-negative reaction caused by the 
masking of cytokeratin epitope as described by Sano 
et al!’ and Bartek et al 7 


In morphological studies, the CMEE-1 cells showed 
a polygonal shape with tight junctions, monolayer 
growth, cobblestone-like appearance, numerous mi- 
crovilli, rare dome formation, and absence of cili- 
ated cells consistent with the prior description by 
Nakamura et alf of the morphology of serially cul- 
tured chinchilla middle ear epithelium. This supports 
our finding that the CMEE-1 cell line maintains mor- 
phological characteristics of cultured chinchilla mid- 
dle ear epithelial cells. 


In summary, the chinchilla middle ear epithelial 
cell line was successfully established by infection 
with the Ad12-SV40 hybrid virus. The cell line re- 
tains differentiated characteristics of normal chin- 
chilla middle ear epithelial cells and has an extended 
life span and an enhanced proliferative ability with- 
out potential for malignant growth. This cell line will 
be useful for studying the normal biology of the chin- 
chilla tympanal epithelial cells, as well as the cellu- 
lar and molecular mechanisms involved in the patho- 
genesis of experimental otitis media. 
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EFFECT OF CARBOGEN INHALATION ON PERIPHERAL TISSUE 
PERFUSION AND OXYGENATION IN PATIENTS SUFFERING 
FROM SUDDEN HEARING LOSS 
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The effects of repeated carbogen inhalation on peripheral tissue perfusion and oxygenation were assessed in 5 patients suffering 
from sudden hearing loss by means of continuously measured subcutaneous tissue oxygen and carbon dioxide tension, transcutane- 
ous oxygen tension, laser Doppler red cell flux, and fingertip temperature. The subcutaneous oxygen tension increased clearly during 
the carbogen inhalation periods, and also, a smaller increase in subcutaneous carbon dioxide tension was simultaneously noticed. 
The changes in transcutaneous oxygen tension were even greater and the latency was shorter as compared with the subcutaneous gas 
tensions. The laser Doppler measurements showed no signs of vasoconstriction during the study. In conclusion, carbogen inhalation 
increases peripheral tissue oxygenation without microvascular vasoconstriction and with only a minor retention of carbon dioxide. 


KEY WORDS -— carbogen, oxygenation, peripheral tissue perfusion, sudden hearing loss. 


INTRODUCTION 


Sudden sensorineural hearing loss (S-SNEL) is a 
sudden or rapidly progressive, partial or complete, 
typically unilateral sensorineural impairment that has 
no known specific etiologic factor.! Etiologic stud- 
ies have led to 4 main theories: circulatory disturb- 
ances, viral infection, membrane rupture, and autoim- 
mune processes. Therefore, the treatment modalities 
are mostly based on attempts to improve inner ear 
oxygenation and/or immunosuppressive therapy, to 
suppress either the effects of an autotmmune agent 
or secondary effects following a viral infection. 


Carbogen inhalation therapy, in which patients 
breathe a gas mixture of 5% carbon dioxide (CO2) 
in 95% oxygen (O2) by mask, is used to improve 
inner ear oxygenation.” Carbogen inhalation therapy 
has promising results in comparison with other treat- 
ments for S-SNHL.3 


Fisch et ali reported O2 tension in humaa peri- 
lymph to be increased by inhalation of a carbogen 
gas mixture, and Kallinen et al> showed cochlear 
blood flow (CBF) in guinea pigs to be increased by 
carbogen inhalation, while 100% O2 inhalation 
caused a decrease in CBE. In the same study, the skin 
blood flow was also measured, showing similar re- 
sults. Miller et alf could not show that CBF was in- 
creased by carbogen inhalation in humans. 


Clinical monitoring of peripheral tissue perfusion 
has been made easier and more accurate by several 


advanced methods now available. These include con- 
tinuous recordings of subcutaneous tissue O2 ten- 
sion (PscO2),’~” registration of skin red cell flux (RCF) 
by laser Doppler flowmetry,!°!4 and transcutaneous 
PO2 tension (PtcO2) monitoring,!5-!7 as well as mea- 
surement of skin temperature. 


In the present study, these methods were employed 
to investigate the response of peripheral tissue per- 
fusion and oxygenation to carbogen inhalation, which 
is clinically used in the treatment of patients suffer- 
ing from S-SNHL. 


MATERIAL AND METHODS 


Patients suffering from S-SNHL were hospitalized 
at the Department of Otorhinolaryngology, Turku 
University Central Hospital, for audiological and oto- 
neurologic examinations. As reported earlier,’ the 
treatment regimen consisted of carbogen inhalation 
therapy and betahistine hydrochloride. The carbogen 
inhalation therapy in the clinical setting consisted of 
4 days of 6 to 8 daily inhalation periods, each of 20 
to 30 minutes’ duration; a mask was used to cover 
the nose and mouth. The betahistine hydrochloride 
was given 8 mg perorally 3 times a day. 


The clinical material in this study consisted of 5 
S-SNHL patients (3 men and 2 women) with a mean 
age of 45 years (range 23 to 70 years). All patients 
were in otherwise good health. They took no medi- 
cations; 1 patient was a smoker (obviously, they did 
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not smoke during the experiments), and 1 used oral 
contraceptives. They did not receive betahistine dur- 
ing the experiments. 


Peripheral circulation was monitored as follows. 
The peripheral skin temperature was registered from 
the index finger. The Ptc02, the PscO2, the subcuta- 
neous CO2 tension (PscCO2), and the RCF were con- 
tinuously recorded. The PtcO2 was registered in the 
right antebrachial area by means of a probe heated 
to 44°C with an oxygen monitor (7850A, Hewlett- 
Packard, Boeblingen, Germany). The Ptc02 electrode 
was calibrated immediately before application with 
a zeroing solution for the zero point and with room 
air for gain. A 10-minute interval for warm-up and 
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Fig 2. Equilibration of subcutaneous PO2 and PCO2 gas 
tensions with hypoxic saline. 


stabilization of the electrode on the skin was allowed 
before reading the PtcO2 values. During the actual 
measurement, recalibration and reapplication were 
carried out only in the case of inadvertent loosening 
of the electrode. 


The PscO2 and the PscCO2 were measured in the 
right upper arm by means of an implanted silicone 
tonometer, which was implanted under local anes- 
thesia by means of an atraumatic needle on the sec- 
ond day of the carbogen inhalation therapy, and all 
the recordings were done 3 to 5 days later, that is, as 
soon as the subcutaneous space had adapted to the 
tube. During the measurement, the tonometer tube 
was perfused with hypoxic saline solution that equili- 
brated with the PO2 and the PCO2 of the surrounding 
tissue due to the high O2 and CO2 permeability of 
the tonometer wall. The equilibrated fluid was then 
directed to an O2 electrode in a blood gas analyzer 
connected to a chart recorder. 


The RCF was measured in the right antebrachial 
area with a laser Doppler flowmeter (PeriFlux PF2, 
Perimed AB, Stockholm, Sweden) with a probe heated 
to 40°C.!5-!7 The output was initially set to 5.0 V on 
a 10-V scale. This method was described earlier by 
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Kuttila et al.!8 


The experimental arrangement is shown in Figs 1 
and 2. During the study period, the patients breathed 
carbogen gas mixture through a mask for 30 min- 
utes. This was followed by 30 minutes of breathing 
room air and then another 30 minutes of breathing 
carbogen. 


RESULTS 


Figure 3A shows our findings of baseline Psco2 
and changes in PscO2 observed with carbogen inha- 
lation. The mean baseline on Psco2 of the 5 patients 
studied was 40.6 + 4.7 mm Hg, and at the first car- 
bogen inhalation period, the PscO2 increased to 58.8 
+6.6 mm Hg (Fig 3A). Then, during room air breath- 
ing, the PscO2 decreased to 36.7 + 3.1 mm Hg, and it 
increased to 50.6 £5.5 mm Hg at the second carbogen 


SUBJECT’S SEX, AGE, AND HEARING LEVEL 
BEFORE AND AFTER TREATMENT 


Hearing Level (4B)* 
At At 

Patient Sex Age(y) Diagnosis Control 
I M 53 83 28 
H F 23 100 90 
M M 70 81 15 
‘IV M 35 87 48 
Vv F 43 25 8 


* Average of 500, 1,000, and 2,000 Hz. 
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Fig 5. Individual subcutaneous A) PO2 and B) PCO2 
changes during carbogen inhalation. Roman numerals are 
patient numbers. 


breathing period. Following the second carbogen in- 
halation the patients’ PscO2 decreased to 37.6 + 4.2 
mm Hg. 


Correspondingly, the PscCO2 tension (Fig 3B) in- 
creased from the mean baseline of 17.1 + 1.2 mm 
Hg to 20.3 + 0.7 mm Hg at the first carbogen inhala- 
tion period. During the room air breathing break, it 
recovered to 18.2 + 3.9 mm Hg; it increased in the 
second carbogen period to 21.0 + 1.2 mm Hg, and 
recovered again afterward to 18.1 + 1.0 mm Hg. 


The changes of PscO2 and Psccoz2 in patient II, a 
23-year-old woman, are shown in Fig 4, as well as 
the simultaneous PtcO2 changes. The change in the 
PtcO2 is bigger and the latency is shorter compared 
with those of the Psco2. 


The individual changes in hearing levels that oc- 
curred after the treatment with carbogen are shown 
in the Table. Figure 5 demonstrates the individual 
changes in PscO2 and PscC0O2 during the first carbo- 
gen inhalation period. | 


The laser Doppler readings and fingertip tempera- 
tures remained stable throughout the study period, 
indicating that no vasoconstriction was induced. 


DISCUSSION 


Carbogen inhalation therapy has promising results 
in the treatment of patients suffering from S-SNHL.23 
Breathing the gas mixture with the mask is a conve- 
nient method of administration. The patients are able, 
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after instruction, to carry out the treatment with little 
or no assistance from the hospital personnel. It is a 
relatively safe treatment method with no contraindi- 
cations, and only a few patients feel a slight discom- 
fort with using the mask. 


In the present study, breathing of the carbogen mix- 
ture constantly increased the peripheral PO2 mea- 
sured both subcutaneously and transcutaneously. The 
latency of the observed change in the PO2 is short, 
both at the beginning of the carbogen inhalation and 
after finishing it. Repeated breathing periods did not 
affect the absorption of the gases, and the effect dur- 
ing the second breathing period was similar to the 
response to the first one. 


No changes were observed in the RCF measured 
with laser Doppler flowmetry during the gas admin- 
istration, and this finding indicates that no vasocon- 
striction occurred in the blood vessels, whereas we 
know from previous observations that pure O2 breath- 


ing would cause such a change. This vasoconstric- 
tion is presumably avoided by the 5% CO2 in the 
gas mixture. This CO2 concentration causes only a 
small increase in PscCO2 that is harmless to the pa- 
tients. 


The described method for measuring the changes 
of the gas concentrations in peripheral tissues is reli- 
able and easy to perform.!® It has also been shown 
that the observed changes in the subcutaneous space 
correlate with the changes measured from the inner 
ear in experimental animals? and in humans.® 


Our preliminary results in the treatment of S-SNHL 
patients with this method show promising results. 
Further studies in larger series are required to verify 
these results in patients whose S-SNHL is due to vas- 
cular and other damage in the inner ear. Another ap- 
plication of this therapy could be in overcoming the 
problem of hypoxia in solid malignant tumors dur- 
ing radiotherapy. 
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DISCOVERING DIAGNOSTIC RULES FROM A NEUROTOLOGIC 
DATABASE WITH GENETIC ALGORITHMS 
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Data on patients with Meniere’s disease, vestibular schwannoma, traumatic vertigo, sudden deafness, benign paroxysmal posi- 
tional vertigo, or vestibular neuritis were retrieved from the database of otoneurologic expert system ONE for the development and 
testing of a genetic algorithm (GA). The accuracy of the diagnostic rules in solving the test cases was 81%, 91%, 92%, 95%, 96%, 
and 98% for the respective diseases. The best rules retrieved from the GA were described by a set of questions with the most likely 
answers. The most important questions concerned the duration of hearing loss and the occurrence of head injury. The validity and 
structure of the rules created with a GA can be analyzed in detail. For rare diseases, some other reasoning process can be used, for 


example, case-based reasoning. 


KEY WORDS — artificial intelligence, diagnostic workup, dizziness, genetic algorithms. 


INTRODUCTION 


Genetic algorithms! are search algorithms that 
have their origin in natural systems. Thus, the power 
of genetic algorithms derives from the combined prin- 
ciples of Darwinian evolution and natural genetics 
that allow a genetic algorithm to adapt to different 
environments. Genetic algorithms have many advan- 
tages over traditional search algorithms, including 
conceptual simplicity, robustness, broad applicability, 
extensibility, and the potential to hybridize with other 
methods.?+ 


A simple genetic algorithm? modifies a population 
consisting of solutions with selection, crossover, and 


Create initial population 
Calculate fitness 
Select the best as parents 


Recombine 













New 
generation 





Calculate fitness 


Test terminating condition 


Evolution stops 


Fig 1. Simple genetic algorithm. 


mutation operators to produce a possibly better new 
generation, until the algorithm fulfills a terminating 
condition (Fig 1). In every generation, the fitness of 
each solution is obtained from the fitness function, 
which rewards the solution according to user-defined 
criteria. A selection operator acts as the natural se- 
lector by copying the solutions with a better fitness 
of higher probability into the next generation. As in 
nature, the solutions incapable of adapting to the en- 
vironment have fewer offspring and are doomed to 
extinction. 


Selection in itself does not help the genetic algo- 
rithm to explore new areas in the search space. For 
this reason, new genetic material is created from the 
earlier solutions by means of crossover, which ex- 
changes parts of randomly selected parents to pro- 
duce better solutions. Occasionally, mutation gener- 
ates random changes in the new solutions to prevent 
the loss of possibly useful gene combinations. Both 
crossover and mutation operators are applied with a 
user-defined probability. 


The natural elegance and power of genetic algo- 
rithms have led to applications to many problem do- 
mains, including optimization of functions, schedul- 
ing, data analysis, prediction, and machine learn- 
ing.2-3 In medicine, genetic algorithms have been uti- 
lized, for example, to model the immune system? and 
to identify persons at risk of coronary artery disease.® 
In this paper, we have used the genetics-based ma- 
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TABLE 1. NUMBER OF DIAGNOSES (N = 564) IN 
LEARNING (N = 389) AND TESTING (N = 175) SETS 


Learning Testing 


Diagnosis Set Set Total 
Vestibular schwannoma 91 37 128 
Benign paroxysmal positional 

vertigo 40 19 59 
Meniere’s disease 171 72 243- 
Sudden deafness 12 9 21 
Traumatic vertigo 35 18 53 
Vestibular neuritis 40 20 60 


chine learning system Galactica’ to discover the di- 
agnostic rules for the 6 most frequent otologic dis- 
eases involving vertigo in a well-researched data- 
base $ 


MATERIALS AND METHODS 


Patients. The information on the patients in the 
database was collected from the vestibular unit of 
the Helsinki University Hospital. The patients re- 
ferred to the vestibular laboratory filled out a ques- 
tionnaire concerning their symptoms, earlier diseases, 
accidents, and use of tobacco and alcohol.? The in- 
formation was stored in the otoneurologic expert sys- 
tem ONE.? From the database of ONE, we selected 
the 6 largest patient groups with vertigo. The dis- 
eases were Meniere’s disease, vestibular schwanno- 
ma, vestibular neuritis, benign paroxysmal positional 
vertigo, traumatic vertigo, and sudden deafness. The 
diagnoses were confirmed by an experienced special- 
ist in the field of otoneurology. We applied genetic 
algorithms to these solved cases to create new deci- 
sion-making rules automatically from patient data. 
Part of the patient data were used in the learning set, 
and the rest in the testing set, in which the accuracy 
of the rule was tested (Table 1). Both sets contained 
patients from all the disease groups. 


Parameters. The database of ONE was collected 
with the aid of 170 questions. The information in 
the database can be divided into the following classes: 
1) symptoms, (eg, vertigo, hearing loss, tinnitus, un- 
steadiness, headache, anxiety, and neurologic symp- 
toms); 2) medical history, including the use of oto- 
toxic drugs, head or ear trauma, noise injury, ear in- 
fections and operations, specific infections (borreli- 
osis, chlamydia, lues), and other diseases; and 3) find- 
ings from such examinations as clinical and neuroto- 
logic examinations (saccadic and pursuit eye move- 
ments, posturography, electronystagmography, brain 
stem audiometry, and electrocochleography), audi- 
ometry, imaging (computed tomography, magnetic 
resonance imaging), and fistula tests.8 Case history 
data have proven to be the most valuable in classify- 
ing the 6 otologic diseases involving vertigo.? Using 
this information, we selected 38 parameters that were 
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TABLE 2. PARAMETERS USED IN LEARNING 


Frequency of vertigo attacks 
Intensity of vertigo attacks 
Score for rotational vertigo 
Score for floating sensation 
Score for position-induced 


PROCESS 
Age at first symptoms Ear illness 
Vertigo Ear operation 
Duration of symptoms Head injury 
Duration of vertigo attacks Ear trauma 


Noise injury 

Spontaneous nystagmus 

Electronystagmography 
Spontaneous nystagmus 
Caloric asymmetry 


vertigo Response with 44°C right 
Unsteadiness Response with 44°C left 
Sudden falls Posturography 
Hearing loss Eyes open 
Duration of hearing loss Eyes closed 


Type of hearing loss 

Location of hearing loss 

Fluctuation in hearing 
Tinnitus 


Pursuit eye movements 
Gain amplitude 
Gain latency 

Tone burst audiometry 


Intensity of tinnitus 500 Hz right 
Duration of tinnitus 500 Hz left 
Severity of nausea 2,000 Hz right 

Light-headedness and other 2,000 Hz left 


functional symptoms 


valuable in the classification. Some good parameters 
had to omitted due to the large amount of missing 
information; for example, only a minority of patients 
underwent computed tomography or magnetic reso- 
nance imaging. The 38 parameters are presented in 
Table 2. 


Galactica. Galactica’ is an inductive learning sys- 
tem!° that uses a genetic algorithm to learn concepts 
from databases that contain examples labeled by a 
human supervisor as positive or negative with re- 
spect to the concept. Concepts are characterized by 
attributes; for example, a Fruit concept may be de- 
scribed by Color, Shape, and Size attributes. Con- 
cepts are presented formally with IF-THEN style 
rules, which consist of condition and decision parts. 
The condition part of the rule specifies the attribute 
values that an example must have in order to be clas- 
sified as belonging to the concept that is shown in 
the decision part of the rule. For example, a rule for 
identifying an Apple concept might be: IF (Color = 
Red OR Yellow) AND (Shape = Round) AND (Size 
= Small) THEN Apple. Thus, other fruits, for in- 
stance, bananas or oranges, could be detected with 
conditions that have been modified to express their 
characteristics. The conditions can be described as a 
filter that lets the examples with the right values for 
attributes pass through it and traps the rest; green 
apples will not be permitted through even if they are 
round or small. 


The genetic algorithm maintains a population of 
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TABLE 3. ACCURACY OF RULES FOR SIX OTOLOGIC DISEASES INVOLVING VERTIGO 


Testing Set 

Accuracy Positive Cover Negasive Cover 
Diagnosis % No. %o No. % 
VS 91 23/37 62 2/132 2 
BPPV 96 14/19 74 2/15D l 
MEN 81 55/72 76 16/97 16 

SUD 95 1/9 I] 0/160 
TRV 92 5/18 28 0/159 d 
VN 98 18/20 90 1/149 I 


All Cases 
Accuracy Positive Cover Negative Cover 
% No. % No. % 
92 82/128 64 2/436 1 
97 45/59 76 6/505 1 
- 83 186/243 77 41/321 13 
97 4/21 19 0/543 0 
93 14/53 26 0/511 0 
98 51/60 85 4/504 1 


VS — vestibular schwannoma, BPV — benign paroxysmal positional vertigo, MEN —— Meniere’s disease, SUD — sudden deafness, TRV — 


traumatic vertigo, VN — vestibular neuritis. 


candidate rules from which it selects the best to pro- 
duce the new generation. The fitness of a rule is cal- 
culated from the negative (consistency) and positive 
(completeness) covers of the rule in a learning set 
and by the complexity of the rule. The highest fit- 
ness is given to a rule that covers all the positive and 
none of the negative examples with a minimum num- 
ber of conditions. 


A small number of cases (traditionally 30%) is ex- 
cluded from the learning set and placed in a testing 
set to make the evaluation of the results objective. 
Accuracy reveals how well the unseen patients with 
the disease in question are selected by the rule and 
how many false positives (patients without the dis- 
ease) are classified into the disease group. In other 
words, accuracy is the ratio of the correctly classi- 
fied examples to all the examples in the testing set: 
Accuracy = (epos + Eneg — eneg)/E, where epos and 
eneg are the positive and negative covers of the rule 
set, Eneg is the number of negative examples in the 
testing set, and E is the total number of examples in 
the testing set. 


RESULTS 


Galactica generated differential diagnostic rules 
for Meniere’s disease, vestibular schwannoma, ves- 
tibular neuritis, benign paroxysmal positional verti- 
go, traumatic vertigo, and sudden deafness. The ac- 
curacies of the rules were calculated both from the 
testing set and from all the available cases (Table 3). 
The accuracies were close to one another. This re- 
sult indicates that the testing sets were representa- 
tive of the database. The slightly higher accuracies 
obtained from all the cases also indicate that as usual, 
the rule classified the learning sets better then the 
testing sets. However, in this study, we were mainly 
interested in the classification accuracy of unseen 
cases (prediction accuracy). 


The questions from which the conditions for the 
rules were generated with the genetic algorithm are 
shown in Table 4. A condition is a question with dif- 


ferent answer possibilities that are useful as exclu- 
sion or inclusion criteria for the disease. Each ques- 
tion has several answer possibilities that can form 
specific conditions to characterize each disease. It 
appeared that disease groups with only a few cases 
required more conditions to the rule. As a result of 
the learning process, the conditions in the rules were 
those that expressed and classified our material the 
best. 


Population size was set experimentally at 200 mem- 
bers, and the number of generations was 150. The 
probabilities of crossover and mutation were .95 and 
.01, respectively.!!:!2 Two of Michalski’s learning 
operators,!3 which were both applied with a prob- 
ability of .01, were used to quicken the learning pro- 
cess. The best member of each population was in- 
serted into the next population without modifications 
to prevent the loss of valuable information. Better 
initial populations were generated by selecting 20% 
of the population randomly from the learning set.’ 
The learning cycle was repeated 6 times, and the best 
outcome was selected to be reported. 


Vestibular Schwannoma. Vestibular schwannoma 
could be classified correctly in 91% of the cases in 
the testing set after the learning process. This was a 
high-accuracy percentage, since the data from com- 
puted tomography or magnetic resonance imaging 
were not used in the classification. The rule that clas- 
sified vestibular schwannoma had 9 questions con- 
cerning the duration of vertigo and hearing loss; the 
occurrence of head injury; the intensity of the verti- 
go attack; the score for positional, rotational, and float- 
ing vertigo; the intensity of nausea; and the presence 
of sudden falls (Table 4). Vertigo was absent in 65 
patients (51%). The intensity of the vertigo attacks 
was commonly from mild (35%) to moderate (35%). 
The vertigo was rotational in 40% of the patients and 
floating in 43%. Rotational vertigo was experienced 
as stronger than the floating form. The vertiginous 
patients with vestibular schwannoma had signifi-. 
cantly less nausea than patients in the other disease 
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TABLE 4. FREQUENCIES OF QUESTIONS THAT FORMED CONDITIONS FOR RULES FOR SIX OTOLOGIC 
DISEASES INVOLVING VERTIGO 


Condition VS 
Duration of hearing loss 
Injury 

Nausea 

Audiometry at 500 Hz right 
Duration of vertigo 

Attack intensity 

Vertigo rotational 

Attack duration (vertigo) 
Audiometry at 2,000 Hz right 
Attack frequency (vertigo) 
Hearing fluctuation 

Sudden falls 

Positional vertigo 

Age at onset 

Hearing better in left ear 
Head trauma 

Audiometry at 500 Hz left 
Caloric response with 44°C right 
Duration of tinnitus 
Posturography eyes open 
Gain latency (pursuit eye movements) 
Floating vertigo 

Hearing better in right ear 
Posturography eyes closed 
Intensity of tinnitus 

Ear trauma 

Hearing loss type 

Caloric asymmetry 
Unsteadiness 

Audiometry at 2,000 Hz left 
Total 
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zl 


VS — vestibular schwannoma, BPPV — benign paroxysmal positional vertigo, MEN — Meniere’s disease, SUD — sudden deafness, TRV — 
traumatic vertigo, VN — vestibular neuritis. Boldface type points out most important questions. 1 — Condition is present in rule (question or 
some answer possibility is meaningful as exclusion or inclusion criterion), 0 — condition does not belong to rule. 


groups with vertigo (Fig 2A). 


Benign Paroxysmal Positional Vertigo. Benign 
paroxysmal positional vertigo was classified correct- 
ly in 96% of the cases. The important questions con- 
cerned the duration of the vertigo attack and details 
that confirmed normal hearing (audiometry findings, 
no fluctuation in hearing, and exclude asymmetry be- 
tween the ears). The negative cover in benign posi- 
tional vertigo was good: none of the patients in the 
other disease groups were classified as belonging to 
the benign paroxysmal positional vertigo group. 


Meniere's Disease. The accuracy in identifying Me- 
niere’s disease was the lowest, being only 81%. The 
number of questions constructing the classification 
rule was only 6 (Table 4). The most important ques- 
tion was the intensity of tinnitus, which solely clas- 
sified 63% of the test cases correctly. The other 5 
questions in the rule were the duration of vertigo, 
the occurrence of head or ear injury, the response 
with 44°C in electronystagmography, and the audi- 


ometry finding at 500 Hz. We explored the causes 
for the low accuracy for Meniere’s disease by sepa- 
rately exploiting all the subgroups (ie, all answer pos- 
sibilities to each of the 6 questions) in the rule. It 
revealed that there were 3 subgroups that led to a 
better rule, with 84% accuracy. The genetic algorithm 
was not able to find this ultimate rule from the learn- 
ing set. In the test set, 16% of the negative cases (eneg) 
were classified as Meniere’s disease. 


Sudden Deafness. Sudden deafness required the 
most parameters (18) to generate a rule with an ac- 
curacy of 95% in the testing set (Table 4). The small 
number of patients in the sudden deafness group may 
have been the cause of the large number of param- 
eters in this rule. If the case number had been larger, 
the genetic algorithm would probably have been able 
to consider a rule with fewer questions. The distri- 
bution of symptoms was the widest for sudden deaf- 
ness; in other words, many answer possibilities were 
covered for each question. The frequency and dura- 
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Fig 2. Mean scores for A) nausea, B) anxiety. C) quiet stance with eyes open In posturography, and D) occurrence of sudden 


falls. BPPV — benign paroxysmal positional vertigo. 


tion of a vertigo attack had no typical characteris- 
tics. Vertigo was experienced by 86% (n = 18) of the 
patients. Any nausea accompanying vertigo was mild. 

Traumatic Vertigo. For traumatic vertigo, 14 ques- 
tions generated a rule with an accuracy of 92%. A 
positive response to the occurrence of head injury 
was the most important separate variable in the rule. 
Vertigo attacks appeared several times a week, last- 
ing from 15 seconds to 5 minutes. The rule allowed 
more variance, however, for the description of ver- 
tigo and the accompanying symptoms than for the 
other diseases. The onset of hearing loss, tinnitus, 
and vertigo had to be related timewise. The score for 
anxiety was high for the patients with traumatic ver- 
tigo, but this deviating finding did not influence the 
composed rule (Fig 2B). 

Vestibular Neuritis. The best accuracy, 98%, was 
reached for vestibular neuritis. Only | of the nega- 
tive test cases was classified as vestibular neuritis. 
The frequency of vertigo attacks (only once) and de- 
tails confirming normal hearing (normal audiomet- 
ric findings, no fluctuation in hearing, and exclude 
asymmetry between the ears) were important in this 
rule. 


DISCUSSION 


Genetic algorithms were used to generate diagnos- 


tic rules from neurotologic data. The accuracy of the 
rules was above 90% for all the diseases except Me- 
niere’s disease. Meniere’s disease is often difficult 
for the otologist to diagnose, as well. The diagnostic 
rules created with genetic algorithms contained the 
most important diagnostic questions described ear- 
lier. These 5 key questions discriminating between 
the diseases concern the duration of vertigo and hear- 
ing loss, the duration and frequency of vertigo at- 
tacks, and the occurrence of head trauma with an on- 
set of symptoms.” 


In addition, this study demonstrated that Galactica 
was able to perform well with a different problem 
with a large search space. In our earlier experiments 
with data on female urinary incontinence, we were 
able to extract accurate diagnostic rules from exam- 
ples that were described with 13 binary attributes.’ 
The vertigo data used in the experiments reported 
here were characterized by 38 attributes having from 
2 to 8 possible values. 


The cause of many diseases involving vertigo is 
unknown. The diagnosis must be based on a certain 
combination of clinical symptoms and signs after 
other possible causes have been excluded. Vestibu- 
lar schwannoma is the only disease that has a spe- 
cific diagnostic test, namely, magnetic resonance im- 
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aging, that confirms the diagnosis.’ In many diseases 
the cause is unknown; for example, in sudden deaf- 
ness several etiologic factors, such as infection or 
vascular causes, have been suggested. !4 Etiologic fac- 
tors are therefore of little use in the diagnostic work- 
up. The prevalence of diseases cannot be used, be- 
cause common diseases are so common that all rare 
diseases would be lost in the reasoning. Important 
symptoms other than vertigo are hearing loss and tin- 
nitus. The intensity and duration of vertigo attacks 
vary from one disease to another. For example, the 
vertigo attacks in benign paroxysmal positional ver- 
tigo are short and come with a certain head position, 
while in vestibular neuritis the vertigo attack can last 
several days. 


For some diseases follow-up is necessary before 
the diagnosis can be confirmed. Meniere e disease 
can start with any of 3 major symptoms (vertigo, hear- 
ing loss, tinnitus),? but unless the full triad is present 
the diagnosis of Meniere’s disease cannot be made.!° 
Fluctuation in hearing level may not be typical for 
Meniere’s disease. When the cause 1s known, the 
symptom triad is called Meniere’s syndrome.'* The 
cause can be, for example, an infection (lues), trauma, 
or autoimmune disease.!4 The words by which the 
patients describe their disease can also vary from pa- 
tient to patient. To standardize the descriptions, we 
used a questionnaire for the patients in this study.? 


Patients can have several diseases at the same time, 
for example, noise-induced hearing loss and vertigo. 
Deviant findings have to be evaluated with respect 
to the entire situation and all diseases. Vascular dis- 
turbances causing vertigo identical to that seen in 
peripheral vestibular diseases are also diagnostically 
difficult.!° Patients with vestibular schwannoma and 
Meniere’s disease have had the disease longer than 
patients. have sudden deafness, vestibular neuritis, 
or benign paroxysmal positional vertigo. This differ- 
ence may affect the distinction of the diseases. 


The high accuracy in detecting vestibular schwan- 
noma without the results of imaging studies is worth 
noting. It is partly due to the deviant findings in elec- 
tronystagmography and posturography (Fig 2C). In 
the clinical picture, the low incidence of vertigo (49%) 
and the absent or mild nausea accompanying it dif- 
ferentiated vestibular schwannoma from the other 
diseases. The vestibular schwannoma patients had 
also had notably fewer sudden falls than the other 
patients (Fig 2D). 


The small number of patients in rare disease groups 
makes the use of machine learning techniques diffi- 
cult, and sometimes impossible. That is why we have 
to use only the 6 largest patient groups from our da- 
tabase.’ In real life there are more diagnostic choices 


for vertigo than these 6 diseases. We are planning to 
test Galactica to see how well it will perform in learn- 
ing rules from small diagnostic groups. An alterna- 
tive solution for diagnosing diseases with only a few 
patients can be case-based reasoning. Pure patient 
cases without confounding diseases would be re- 
quired for case-based reasoning. 


In comparison to our earlier experiments with neu- 
ral networks, the genetic algorithm proved to be bet- 
ter in practice, due to its capability to work with in- 
complete information and the symbolic structure of 
the learned knowledge.!” Neural networks may work 
unpredictably if complete input information is not 
available. Moreover, the knowledge neural networks 
produce is nonsymbolic and difficult to understand. 18 
Genetic algorithms are a quite straightforward meth- 
od in comparison to the neurotologic expert system 
ONE. The pattern recognition method of ONE is ele- 
gant, because it is able to detect patients belonging 
even to rare disease groups.!° In the pattern recogni- 
tion method, the user also has the possibility to influ- 
ence the decision-making process of the system. 


The updating of information is easily achieved 
both in our neurotologic expert system ONE”? and 
with genetic algorithms. A genetic algorithm can go 
through a large database of cases and produce new 
diagnostic rules in a few hours. In the pattern recog- 
nition—based expert system, the updating is done by 
the user when new diagnostically valuable informa- 
tion is available. 


The behavior of the genetic algorithms depends 
on many control parameters, population size being 
one of the most important. With our problem, we 
found that a fairly large population produced the best 
results. The relatively high crossover (.95) and mu- 
tation probabilities (.01) suggested by Grefenstette!! 
and Schaffer et al!* turned out to be the best values 
for this problem environment. In our earlier experi- 
ments, smaller population sizes and lower probabili- 
ties for operators produced good results.’ The differ- 
ence demonstrates an unfortunate drawback for ge- 
netic algorithms, namely, the problem of optimal con- 
trol parameter values.? Even if experimental and 
theoretical research has given some guidelines for 
selecting these values, a researcher must often make 
several tests to find a good parameter combination 
for the problem to be solved. 


The development of a genetic algorithm—based 
learning method is at an initial stage. The produced 
rules are simple, being all or none, meaning that the 
diagnosis either fits or does not. All the questions 
that have been used to create a rule do not need to be 
present, but within the rule, all different conditions 
have to match. For example, a good rule for vestibu- 
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lar neuritis could be created with only 8 questions 
(Table 4). At present, all conditions are of equal value 
in the rules. By giving more weight to the mast im- 
portant questions, the accuracy of the rules might be 
increased. 


CONCLUSION 


Genetic algorithms were able to create accurate 
diagnostic rules for 6 diseases involving vertigo. The 


diagnostic rules produced with the genetic algorithms 
are symbolic, meaning that the rules can be compre- 
hended. This ability makes it possible to explore the 
rule and verify its validity. Nevertheless, it is some- 
times difficult for an expert to examine rules because 
of the great number of conditions. Therefore, some 
type of rule-pruning technique that reduces the num- 
ber of conditions might make the rules even more 
understandable. 
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COCHLEAR FUNCTION OF GUINEA PIGS WITH EXPERIMENTAL 
CHRONIC RENAL FAILURE 
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This study aimed to evaluate electrophysiologically the cochlear function of guinea pigs that underwent a five-sixths nephrec- 
tomy and, additionally, to explore the synergistic action between chronic renal failure (CRF) and noise. Cochlear potentials were 
recorded at 1, 2, and 3 months postoperatively. Slight changes in compound action potential and cochlear microphonics were seen at 
1 month postoperative, while moderate and profound changes were seen at 2 and 3 months. Endocochlear potential showed no 
significant reduction. The results indicate that CRF may be an etiologic factor for cochlear dysfunction and that the hair cells seem 
likely to be a main site of the lesion. One-month-postoperative animals were exposed to a broadband noise. In contrast to control 
animals, the test animals demonstrated no recovery from the decrease in compound action potential and cochlear microphonics that 
occurred immediately after noise exposure. This suggests a synergistic interaction between CRF and noise. 


KEY WORDS — chronic renal failure guinea pigs, electrocochleography, nephrectomy, noise exposure. 


INTRODUCTION 


The question of whether renal failure is a caus- 
ative factor in cochlear dysfunction has previously 
been investigated. Previous human studies involving 
the assessment of hearing threshold alteration,!? 
changes in auditory brain stem response (ABR) wave- 
form** before and after hemodialysis, arid morpho- 
logical studies of the temporal bone! 8 have been re- 
ported. Most of those studies have suggested that 
renal failure may play an important role in the oc- 
currence of cochlear impairment by various causes. 
However, it is still difficult to state that the mecha- 
nism of cochlear dysfunction in renal failure has been 
definitively elucidated. Most of the animal studies 
have been conducted under the acute nephrotoxic 
condition resulting from bilateral total nephrectomy. 
Electrophysiological studies in the cochlea have 
demonstrated a decrease in endocochlear potential 
(EP) output,? and abnormal changes in cochlear mi- 
crophonics (CM) and action potential (AP).!° The 
ABR recordings showed a delay of the first wave!! 
and a threshold elevation at lower frequencies.!2 His- 
tochemical investigations showed an increase in os- 
motic pressure in the serum and perilymph, abnor- 
mal changes in the biochemical composition of peri- 
lymph,/? and morphological abnormalities in the stria 
vascularis.!* We consider there may be a qualitative 
difference in the influence on cochlear function of 
acute nephrotoxicity due to total nephrectomy ver- 
sus induced chronic renal failure (CRF). Recently, 


we succeeded in creating guinea pigs with CRF by 
means of a five-sixths nephrectomy performed in 2 
stages and have investigated these CRF animals by 
electrocochleography (ECochG).!° This study aimed 
to evaluate electrophysiologically the cochlear func- 
tion of guinea pigs that underwent five-sixths ne- 
phrectomy and, additionally, to explore the synergis- 
tic effects of noise exposure on the cochleas of these 
CRF animals. 


MATERIALS AND METHODS 


Healthy Hartley guinea pigs with a normal Prey- 
er’s reflex, weighing 250 to 300 g, were used as sub- 
jects in this study. All procedures in this experiment 
were completed in accordance with St Marianna Uni- 
versity human and animal investigation committee 
policies. 


CREATION OF CHRONIC RENAL FAILURE 


The CRF was created by five-sixths nephrectomy 
performed separately in 2 stages. General anesthe- 
sia was achieved with intraperitoneally administered 
pentobarbital sodium (Nembutal, 30 mg/kg), and lo- 
cal anesthesia with 1% Xylocaine. One kidney was 
exposed through the retroabdominal cavity, and two 
thirds of the kidney was excised. One week later, 
the contralateral kidney was totally removed by a 
similar surgical procedure. The development of re- 
nal failure was confirmed by detecting a decrease in 
urine output, an increase in urine protein, and the 
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COMPARISON OF BLOOD UREA NITROGEN AND 
SERUM CREATININE IN NEPHRECTOMIZE) 
ANIMALS VERSUS CONTROLS 


Months After Five-Sixths 
Nephrectomy 
Controls l 2 3 
(n=5)  (n=7) (n=l) (n=8) 
Serum 
creatinine 0.4+0.1 1.20.2 1.20.6 1.10.2 
Blood urea 
nitrogen 24434 68+6.0 57423 5429.9 


Data are milligrams per deciliter (mean + SD). Both values were 
abnormally enhanced 1 month after operation. However, no signifi- 
cant difference was observed between 1, 2, and 3 months postopera- 
tively. 


abnormal elevation of serum creatinine and blood 
urea nitrogen (BUN) levels. Also, the remaining kid- 
ney was histologically examined afterward in some 
animals. 


ELECTROPHYSIOLOGICAL MEASUREMENTS 


Three experimental groups, consisting of animals 
with 1, 2, and 3 months of survival after the 2-stage 
operation, were prepared for ECochG measurements. 
The noise exposure experiment was carried out at 1 
month postoperatively; at this point, cochlear impair- 
ments were found to be slight. 


Compound Action Potential and Cochlear Micro- 
phonics. The guinea pigs underwent tracheotomy un- 
der general anesthesia gained by intraperitoneal in- 
jection of Nembutal (30 mg/kg) and were artifizially 
ventilated after intramuscular injection of suxame- 
thonium chloride (Relaxin, 50 mg/kg) to inhibit body 
movements. Then, an active electrode with a silver 
ball tip was placed on the round window membrane, 
which was made fully visible by the ventrolateral 
surgical approach using a microscope. A reference 
needle electrode and a ground electrode were inserted 
into the neck muscle and retroauricular muscle, re- 
spectively. The elicited electrical responses wers am- 
plified by a biological amplifier (Nihon Koden AVB- 
11), the bandpass filter of which was set at a frequen- 
cy from 0.5 to 10 kHz, and then sent to a signal pro- 
cessor (Nihon Koden QC-111J) to be averaged 100 
times. The threshold of compound action potential 
(CAP), CM, and latency of CAP were measured in 
this study. The CAP threshold was defined as the 
lowest intensity capable of eliciting distinctly visi- 
ble potentials in the averaged recording, and the CAP 
latency as the time from the onset of CM to CAP 
(N1) peak. Clicks having a maximum power spec- 
trum at 4 kHz were used as sound stimuli to record 
CAP. Tone bursts of frequencies from 2 to 10 kHz 
with a rise and fall time of 0.5 milliseconds (ms) 
and a duration of 8 ms were used to record CM. The 
interstimulus interval (ISD for click stimulation was 


120 ms, and the ISI for tone burst stimulation was 
30 ms. These sound stimuli were delivered through 
a loudspeaker (JBL 2450H) placed at a distance of 
40 cm from the tested ear. Stimulus levels were cali- 
brated by the substitution method. The stimulus sound 
was picked up with a condenser microphone (Rion 
UC-30) placed at the approximate site of the tympan- 
ic membrane. The output of a condenser microphone 
was sent to a sound level meter (Rion NA-51) and 
an oscilloscope (Iwatsu DS-8605) to measure the 
sound waveform and pressure. Since stimuli of very 
short duration were used, sound pressure was mea- 
sured in decibels peak equivalent sound pressure lev- 
el (SPL). 


Endocochlear Potential. A glass microelectrode 
with a tip diameter of about 2 um, filled with 3-mol/ 
L potassium chloride solution, was introduced into 
the scala media through the round window mem- 
brane by means of a micromanipulator (Narisige M- 
3333). The elicited potential was fed into a micro- 
electrode amplifier (Nihon Koden MEZ-7200), and 
EP was measured in millivolts. 


NOISE EXPOSURE EXPERIMENT 


The influence of noise exposure on the cochlear 
function of CRF animals was examined in compari- 
son with control animals. One-month-postoperative 
guinea pigs were used as subjects. The tested ear 
was exposed to broadband noise (bandwidth 50 to 
20,000 Hz) with an intensity of 105 dB SPL for 30 
minutes through a loudspeaker (Altec 807-8) located 
40 cm distant. Electrophysiological measurements 
were carried out immediately after the exposure to 
noise and 1, 2, 3, 4, 5, and 6 hours later. At the end 
of the test session, a blood sample was drawn to ex- 
amine the BUN and serum creatinine levels on an 
autoanalyzer (Hitachi 736). In all experiments, guin- 
ea pigs with a normal Preyer’s reflex and without 
any treatment were used as control animals. For sta- 
tistical analysis, t-tests for both paired and unpaired 
samples were used. 


RESULTS 
CHANGES IN BUN AND SERUM CREATININE 


The BUN and creatinine levels in each group at 1, 
2, and 3 months after the five-sixths nephrectomy 
were compared with those of controls (see Table). 
Both levels in the postoperative groups were signifi- 
cantly elevated compared to those in controls (p < 
.01). However, no significant difference in levels be- 
tween l- and 3-month groups was found. 


CHANGES IN COCHLEAR POTENTIALS 


Compound Action Potential. Although changes in 
the threshold and latency of 1-month animals were 
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Fig 1. Postoperative change in compound action poten- 
tial (CAP) thresholds (+1 SD). Threshold elevation was 
slight at 1 month, while significant changes from preop- 
erative levels were observed for 2- and 3-month groups. 
SPL — sound pressure level. 


mild, those of 2- and 3-month animals were mark- 
edly changed. Figure 1 shows the threshold change 
in relation to postoperative time (months). At 1 
month, only a slight threshold elevation of about 7.5 
dB compared to controls was seen, while at 2 and 3 
months, pronounced average elevations of 27 and 
31 dB as compared to control levels were evident. 
At3 months, a large spread in threshold values among 
animals, ranging from 37 to 67 dB, was observed. 
No significant difference in threshold between the 
2-month and 3-month groups was found. However, 
thresholds in these 2 groups were significantly ele- 
vated as compared with controls (p < .01). The CAP 
latency was evaluated in the same way as the thresh- 
old (Fig 2). One-month animals presented only a small 
change in latency, showing no significant difference 
compared to controls. The 2- and 3-month groups 
did exhibit a significant increase in latency (p < .01) 
when compared to controls, but no significant differ- 
ence when compared to each other. Changes in laten- 
cy with intensity of stimulation were relatively small 


control animal 


Fig 3. Representative CAP waveforms from 
postoperative animals compared to control 
CAP. Only slight change was shown in l-month 
animal, while marked threshold elevation, la- 
tency prolongation, and amplitude reduction 
were observed in 3-month animal. 
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Fig 2. Postoperative change in CAP latency (+1 SD). 
Similar to threshold curves, distinct increase in latency 
was seen in 2- and 3-month groups, whereas no signifi- 
cant difference between these groups was found. 


in all groups, presumably because high intensities 
of stimulation (72 to 92 dB) were used, as required 
by the observed threshold shift following nephrec- 
tomy. The amplitudes of CAP recorded from the 2- 
and 3-month groups were generally reduced, and a 
loss or decrease of the L-component of the input- 
output relation curve (which consists of an H-com- 
ponent and an L-component) was found in many 
cases, although there was a great variability in am- 
plitude values across animals in the 2- and 3-month 
groups. Such intersubject variability might be as- 
cribed to overresection or inadequate resection of 
the kidney. Figure 3 demonstrates representative 
ECochG waveforms obtained from postoperative and 
control animals. Although a 1-month animal showed 
only a slight change in CAP, a 3-month animal dis- 
tinctly demonstrated a threshold elevation, a decrease 
in amplitude, and an increase in the latency of re- 


1 month 3 months 
postoperative animal postoperative animal 
click cir 
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1 month 2 months 3 months 
control animals postoperative postoperative postoperative 
100 animals animals animals 
(n = 6) (n= 7) (n= 11) (n = 8) 


CM Threshold (dB SPL) 


2 4 8 10 


2 4 8 10 2 4 8 10 


sponse, as shown in the right waveform array. A num- 
ber of 2- and 3-month animals (59% of cases) ex- 
hibited a decrease and/or loss of the L-component, 
as demonstrated in this case (right waveforms in the 
Figure). 


Cochlear Microphonics. Figure 4 depicts the CM 
threshold changes in relation to tone burst frequen- 
cies in 1-, 2-, and 3-month animals. In this Figure, 
the variance indicated by vertical bars in the curve 
is expressed by maximum and minimum values in- 
stead of standard variation (SD), to take into account 
the great variation across animals. The 2- and 3- 
month groups distinctly showed threshold elevation 
to whole tone burst frequencies from 2 to 10 kHz 
relative to controls (p < .01). No apparent constant 
relationship between threshold elevation and stimu- 
lus frequency could be found. 


Endocochlear Potential. The EP outputs obtained 
from 1-month (4 animals) and3-month animals (3 ani- 
mals), all of which demonstrated abnormal changes 


100 
90 
80 b 
TO S ° 
60 
50 
40 
30 
20 
10 


EP (uV) 


control 1 3 (months) 
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Time after 5/6 nephrectomy 
Fig 5. Postoperative change in endocochlear potential 
(EP; + maximum and minimum). No significant decrease 


in EP of postoperative animals was shown, as compared 
to controls. 





Fig 4. Postoperative change in cochlear micro- 
phonic (CM) thresholds (+ maximum and mini- 
mum). Similar to CAP threshold curves, slight 
elevation was indicated in 1-month group, 
while 2- and 3-month postoperative groups 
presented marked elevation with no constant 
relationship between threshold change and 
stimulus frequency. 


2 4 8 10 
Tone Burst Frequency (kHz) 


in CAP and CM, are presented in Fig 5. To take the 
small number of animals into account, the degree of 
deviation is expressed by maximum and minimum 
values in this Figure. No significant decrease in EP 
of postoperative animals was seen as compared to 
controls, regardless of abnormal findings of CM and 
CAP. 


EFFECT OF BROADBAND NOISE ON CAP AND CM 
RECORDED AT ONE MONTH 


Compound Action Potential Threshold. Figure 6 
presents curves showing alterations of thresholds ver- 
sus time (hours) following noise exposure in nephrec- 
tomized animals and controls. The curves are com- 
posed of mean values +1 SD. The control animals 
exhibited a marked threshold elevation of 29.0 + 4.4 
dB immediately after noise exposure, and thereafter 
the threshold level declined gradually with time. Six 
hours after noise exposure, an elevation of 18.6 + 
5.2 dB was shown. This elevated level was not sta- 
tistically significant compared to the preexposure 
level (14.5 + 1.9 dB). On the other hand, the nephrec- 
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Fig 6. Change in CAP (click stimulus) threshold with 
time after noise exposure (+1 SD). No recovery of thresh- 
olds in nephrectomized animals to preexposure level was 
demonstrated, even at 6 hours postexposure. 
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Fig 7. Change in CAP (click stimulus at intensity of 92 
dB SPL) latency with time after noise exposure (£1 SD). 
Similar to threshold, no recovery at 6 hours after expo- 
sure was observed in nephrectomized animals. 


tomized animals’ curve showed a threshold eleva- 
tion of 43.1 44.8 dB immediately after noise expo- 
sure, with no decline in levels over time. Six hours 
after exposure, there was a threshold elevation of 
42.2 + 4.3 dB, which was significantly higher than 
the preexposure level (22.4 + 3.0 dB; p < .0001). 


Compound Action Potential Latency. A study of 
the CAP latency similar to that of the CAP threshold 
is demonstrated in Fig 7. The stimulus was a click 
of 92 dB SPL. The control curve showed an increase 
in latency (1.14 + 0.05 ms) immediately after noise 
exposure (like the CAP threshold), followed by a 
gradual decrease with time until 6 hours later, when 
the latency had recovered (1.05 + 0.05 ms) almost 
to the preexposure value (1.00 + 0.03 ms). On the 
other hand, the nephrectomized animals’ curve 
showed an increased latency of 1.36 + 0.14 ms im- 
mediately after noise exposure, and 6 hours later, an 
increased value of 1.32 + 0,20 ms still persisted. This 
latency value was significantly prolonged compared 
to that preexposure (1.10:+ 0.08 ms; p < .01). 
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Fig 8. Change in CM thresholds. with time after noise 
exposure (+1 SD). Control animals showed no signifi- 
cant threshold elevation even at 6 hours after exposure, 
while nephrectomized animals exhibited significantly in- 
creased thresholds 6 hours after exposure to both tone 
bursts. 


Cochlear Microphonic Threshold. Figure 8 dem- 
onstrates the alteration in CM thresholds to 2- and 
4-kHz tone bursts as a function of time (hours) after 
noise exposure in comparison with controls. The 
thresholds in control animals were temporarily ele- 
vated immediately after noise exposure, like the CAP 
threshold, and tended to decline in time. Six hours 
after noise exposure, the thresholds to both tone 
bursts did not remain significantly elevated, as com- 
pared to the preexposure levels. In contrast, the 
thresholds of nephrectomized animals to 2- and 4- 
kHz tone bursts at 6 hours after noise exposure re- 
mained elevated: 47.3 + 4.4 and 42.7 + 4.5 dB SPL, 
respectively. These threshold levels were signifi- 
cantly higher than the preexposure levels: 39.6 + 4.4 
and 33.8 + 4.7 dB SPL (p < .05). 


Summating Potential Polarity. The change in the 
AP-—summating potential (SP) complex waveform to 
a 10-KHz tone burst after noise exposure is displayed 
in Fig 9. The left and right response arrays in this 
Figure were obtained from a control animal and a 
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+SP +Sp 


4 4 
Fig 9. Effect of noise exposure on electroco- | 160 uV | 160 uV 


chleography waveform to 10-kHz tone burst. 

Example indicates reversal of summating po- 

tential (SP) polarity by noise exposure. In A of immediately 
12 nephrectomized animals, reversal of polar- after 

ity from +SP to —SP, as seen in right side of 

Figure, was recorded immediately and 1 hour 

after noise exposure. 


{hour after 


2 hours after 


2ms 2ms 
Aen 
4 — sp 
A 
| 160 uV | 80 uV 
+Sp 2 ms sap | 2ms 
$ n pao 


960 Ohashi et al, Cochlear Function in Chronic Renal Failure 


nephrectomized animal, respectively. In the nephrec- 
tomized guinea pig, the reversal of SP polarity from 
positive to negative was recorded immediately after 
and 1 hour after noise exposure, distinctly shown in 
the middle and lower waveforms in the right side. 
Two hours later, the SP polarity again returned to 
positive. Such a change in polarity was observed in 
4 of 12 nephrectomized animals (33%), but was nev- 
er recorded in control animals. 


Endocochlear Potential Output Voltage. The EP 
in millivolts was measured in 3 nephrectomized guin- 
ea pigs 6 hours after noise exposure. The EP vol- 
tages of these 3 guinea pigs (74, 77, and 80 mV) 
showed no significant reduction when compared with 
the normal control value (79.8 + 7.5 mV). 


DISCUSSION 


A number of experimental studies examining the 
influence of renal failure on cochlear function have 
been conducted in the past. These studies were per- 
formed on rats and relied on acute total bilateral ne- 
phrectomy. Urquiza and Morell? found a decrease 
in EP in rats with bilateral nephrectomy and consid- 


ered that the decrease in Na-K adenosinetriphospha- ` 


tase (ATPase) activity may be responsible for this 
EP change. In a later study,!3 they demonstrated ab- 
normal changes in osmotic and biochemical proper- 
ties of the perilymph and suggested that these dis- 
turbances in perilymph may induce a failure of laby- 
rinthine fluid microhomeostasis, resulting in cochlear 
disturbances. Adler et al,!6 using a similar procedure 
_ with guinea pigs as the experimental animal, found 
that the intracochlear Na-K ATPase system is inhib- 
ited by a toxic metabolite produced by or accumu- 
lated in renal insufficiency. Urquiza and Ciges!4 car- 
ried out a detailed ultrastructural investigation on the 
cochlear disturbances caused by acute renal insuffi- 
ciency using Mongolian gerbils as subjects and found 
characteristic morphological changes in the stria vas- 
cularis of absorptive secretory areas. With respect 
to electrophysiological investigations, Anniko and 
Hellstrom!2 recorded the ABR from rats with acute 
uremia following bilateral nephrectomy. They found 
that initially, low-frequency threshold and latency 
were affected, but over time, high-frequency re- 
sponses became impaired as well. They assumed that 
the functional disturbances may start at the cochlear 
apex, where the volume of the stria vascularis is 
small, and later extend toward the base of the co- 
chlea, where the volume of the stria vascularis is 
increased. They assumed that changes in the response 
patterns were caused by a disturbed homeostasis of 
the inner ear fluids, leading ultimately to hair cell 
damage. Many experimental results in the past have 
suggested that the site of functional impairments in 


the cochlea following renal failure may be the stria 
vascularis.2:!4.17 


On the other hand, Ikeda et al!° showed the inhi- 
bition of CM and CAP within the intact EP using 
guinea pigs with experimentally induced renal fail- 
ure and considered the sensory hair cells most prob- 
able as the involvement site of cochlear dysfunction. 
Shvili et al!! and Lucien et al® found prolongation 
of wave I and wave V of the ABR, suggesting in- 
volvement of the eighth nerve, in rats with chronic 
renal failure and a patient suffering from uremic in- 
sufficiency, respectively. We suppose that there is a 
qualitative difference in the effect of renal failure on 
the cochlear function between the above-described 
acute uremia and our experimentally induced CRF. 


In an attempt to evaluate the functional properties 
of the cochlea with CRF induced by five-sixths ne- 
phrectomy, Shvili et al!! studied the ABR in rats 3 
months after surgery. They found that the wave I la- 
tency was delayed despite a normal I-V interpeak 
interval, and suggested that a disturbance of neural 
conduction along the acoustic nerve or cochlear 
changes might arise early in CRF. Merck et al!’ re- 
ported morphological changes in the stria vascularis 
in rats with the same surgical technique. Kenmochi 
et al! showed abnormal changes in the CM and CAP, 
using the same nephrectomizing procedure in guinea 
pigs, and assumed the occurrence of cochlear hair 
cell damage at 2 months after operation. The present 
study also demonstrated an apparent decrease in the 
amplitudes of CM and CAP, and a prolongation of 
CAP latency, at 2 and 3 months postoperatively. 
However, it was serologically apparent that renal fail- 
ure arose as early as 1 month after surgery, although 
with smaller changes in the CM and CAP. The 1- 
month ECochG changes were found to be still slight 
in degree, although develpment of renal failure was 
serologically evident. 


This discrepancy is still unresolved. A compari- 
son of the data of our method with those of acute 
total nephrectomy should be elaborated. Because the 
3-month ECochG results showed a great variability 
across animals, the average values of the threshold 
and latency revealed little difference from those of 
the 2-month animals. The 3-month ECochG changes 
became pronounced in conjunction with renal fail- 
ure aggravation. However, some animals showed 
moderate abnormalities of ECochG because of in- 
adequate nephrectomy. Accordingly, the ECochG re- 
sults in this group were highly variable across ani- 
mals. 


As for the EP, a small number of animals was stud- 
ied, and no significant decrease in EP output was seen, 
despite the abnormal postoperative changes in CM 
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and CAP as compared with control animals. Need- 
less to say, a study using a larger number of animals 
is essential for thorough evaluation of the EP. The 
lack of significant EP changes indicates that cochlear 
hair cells, rather than the stria vascularis, are likely 
responsible for the generation of cochlear dysfunc- 
tion in our experiment. 


We suggest that the cause of the cochlear dysfunc- 
tion resulting from CRF is different from that result- 
ing from acute uremic insufficiency. We suggest that 
lesions within the cochlea, observed in our physio- 
logical measurements, might develop over time fol- 
lowing CRF to affect the cochlear hair cells. Regard- 
ing the effect of noise exposure on the cochlear po- 
tentials, we observed that sound levels not expected 
to cause serious cochlear injury produced a signifi- 
cantly abnormal ECochG outcome in CRF guinea 
pigs. Whether or not the superimposition of more 
than 2 risk factors for cochlear impairments can give 
rise to a synergistic effect presents an interesting and 
important clinical question. Raynor et al!8 suggested 
that noise exposure in animals with diabetes melli- 
tus induced by streptozotocin could accelerate the 
vulnerability of cochlear hair cells. Pillsbury!? re- 
ported that the vulnerability of the cochlea in hyper- 
tensive rats with hyperlipidemic blood was increased 
by presentation of noise. Regarding the interaction 
between noise and other agents, combined effects 
have been investigated for noise and the following: 
salicylates,2° gentamicin and other aminoglyco- 
sides,”! cisplatin,22 and loop-inhibiting diuretics.73 
An evident synergistic action was ascertained be- 
tween noise and the above agents except for salicy- 
lates and loop diuretics. Further, it has been suggested 
that cochlear impairments (hair cell damage) may 
even occur from the interaction of agents present in 
subototoxic concentrations and noise exposure of less 
injurious intensity.2!22.24 To the authors’ knowledge, 
there have been no studies on the synergistic effects 
of noise and renal failure. 


In the present study, five-sixths—nephrectomized 
guinea pigs demonstrated the combined effect of 
CRF and noise exposure, and the effect was an ex- 
acerbation of cochlear dysfunction. An irreversible 


threshold elevation of CM and CAP and a prolonga- 
tion of CAP latency were observed in the guinea pigs 
after noise exposure. Additionally, a reversal of SP 
polarity and maintenance of EP output within nor- 
mal limits were recorded in a small number (3) of 
animals. 


To our regret, this study was lacking in histopathol- 
ogy. However, if we take the above-described changes 
in cochlear potentials into account, hair cell dysfunc- 
tion seems most likely responsible for cochlear im- 
pairments provoked as a result of a synergistic ac- 
tion between CRF and noise exposure. We have as- 
sumed that the production of nephrotoxic metabo- 
lites in five-sixths—nephrectomized guinea pigs can 
cause cochlear impairment.!> Sound overstimulation 
may accelerate the activity of transduction channels 
in cochlear hair cells, as suggested by Aran et al,?3 
and consequently could facilitate entry of the mole- 
cules of toxic products into the hair cells, resulting 
in augmentation of the cochlear impairment due to a 
synergistic interaction. Additionally, it also is sup- 
posed that metabolic disturbances in the cochlea of 
CRF animals provided by intense noise may fail to 
recover within the observed time of our measure- 
ment. 


At the present time, a large number of patients 
with CRF live relatively normal lives due to hemo- 
dialysis. However, the opportunity for them to en- 
counter chemical, physical, and other harmful oto- 
toxic risk factors must surely be increased. About 
40% of patients with CRF undergoing hemodialysis 
are known to have hearing loss.!-? On the other hand, ` 
there is a view that clinically significant sensorineu- 
ral hearing loss is not associated with nongenetic kid- 
ney disease.? Regarding the occurrence of hearing 
impairment, the mechanism of cochlear dysfunction 
in chronic renal disturbances has not been fully re- 
solved. The influence of harmful ototoxic risk fac- 
tors as described above on cochlear function in CRF 
subjects should be accurately investigated in the fu- 
ture. Finally, we maintain that the mechanism of co- 
chlear dysfunction in patients with CRF must be ac- 
tively investigated, especially taking into considera- 
tion its social importance. 
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DISTRIBUTION OF PSAMMOMA BODIES IN THE INTERNAL 
AUDITORY CANAL AND ITS EXTENDED AREAS IN THE HUMAN 
TEMPORAL BONE 


MIWA KITAGAWA, MD 
OSAKA, JAPAN 
CHIAKI SUZUKI, MD, DMSc 
FUKUSHIMA, JAPAN 


ISAMU SANDO, MD, DMSc 
PITTSBURGH, PENNSYLVANIA 
CAREY BALABAN, PHD 
PITTSBURGH, PENNSYLVANIA 


The internal auditory canal (IAC) and its extended areas of 27 normal human temporal bone specimens were investigated histo- 
logically for the distribution of psammoma bodies. A total of 145 + 25 (mean + SE) psammoma bodies were counted in series of 
every tenth 30-um-thick section. Psammoma bodies were observed in the IAC and around the labyrinthine portion of the facial 
nerve (FN), the geniculate ganglion of the FN, and the posterior ampullary nerve in the singular canal. The number of psammoma 
bodies increases with age. We believe that psammoma bodies are a normal finding of aging in the IAC. The compression of the FN 
by psammoma bodies in the labyrinthine portion of the facial canal and the distribution of numerous psammoma bodies surrounding 
the posterior ampullary nerve in the narrow singular canal raise the questions of the involvement of psammoma bodies in the FN and 
in vestibular dysfunction and the presence of psammoma bodies in the subarachnoid space. 


KEY WORDS — internal auditory canal, psammoma body. 
INTRODUCTION 


Routine histopathologic examinations of tempo- 
ral bone specimens in our laboratory often reveals 
psammoma bodies in the internal auditory canal, 
most commonly from aged subjects. Psaammoma 
bodies are roughly spherical, laminar, and calcified 
structures that are commonly observed in meningi- 
omas,!- papillary carcinomas of the thyroid,*° and 
serous carcinomas of the ovary.® Psammoma bodies 
are observed occasionally in conditions such as toxic 
goiter,’ brain tumors other than meningiomas,? pap- 
illary adenocarcinoma of the lung,’ papillary adeno- 
carcinoma of the endometrium, t}? and papillary cyst- 
adenoma of the epididymis.!! They are also observed 
in normal meninges, choroid plexus, and pineal gland 
of aged individuals.*:4.!2-!6 The prevalence of psam- 
moma bodies in the internal auditory canal has never 
been examined. This study was performed in 27 nor- 
mal human temporal bone specimens, to.test the hy- 
pothesis that the presence of psammoma bodies in 
the internal auditory canal is an age-related finding 
that has the potential to produce facio-acoustico-ves- 
tibular disturbances. 


MATERIALS AND METHODS 


This study examined histologic sections from 27 
normal temporal bone specimens obtained from 27 
individuals (16 males, 11 females; ages 1 week to 83 


years) without a history of congenital ear anomalies 
or brain tumors. Ten specimens were chosen at ran- 
dom from 700 available specimens from individu- 
als 1 week to 19 years old at death; 8 specimens were 
chosen from 200 specimens from individuals 20 to 
59 years old at death; and 9 specimens were chosen 
from 250 specimens from individuals more than 60 
years old at death. Twenty specimens were from the 
left side and 7 specimens were from the right side. 
All temporal bones were harvested at autopsy, fixed 
in 10% formalin solution, decalcified in 5% trichlo- 
roacetic acid solution, dehydrated in graded solutions 
of alcohol, and embedded in celloidin, as described 
by Sando et al.!7 The specimens were cut in the hori- 
zontal plane at a thickness of 30 um. Every 10th sec- 
tion was stained with hematoxylin and eosin and 
mounted on a glass slide. Sections through the inter- 
nal auditory canal, the facial canal, the singular ca- 
nal, and the lamina cribrosa were used for this study. 
The total number of psammoma bodies was deter- 
mined in soft tissue surrounding the facial nerve 
(FN), the cochlear nerve (CN), the superior division 
of the vestibular nerve (SVN), and the inferior divi- 
sion of the vestibular nerve (IVN). The area sur- 
rounding the FN in the internal auditory canal was 
divided into a medial half and a lateral half by draw- 
ing a line through the midpoints between the porus 
and the medial margin of Bill’s bar (Fig 1A). The 
areas surrounding the other 3 nerves in the internal 
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auditory canal were also divided into medial and lat- 
eral halves by drawing lines through the midpoints 
between the porus and the fundus (Fig 1). The num- 
bers of psammoma bodies were tabulated separately 
for the labyrinthine, geniculate ganglion, and tym- 
panic portions of the facial canal, the singular canal, 
the region between the lamina cribrosa and Corti’s 
organ, the utricle, the saccule, and the 3 (anterior, 
lateral, and posterior) semicircular canal cristae. 


RESULTS 


Psammoma bodies were round to ovoid, laminar, 
basophilic structures (Fig 2) ranging from 10 to 100 
Um in diameter. They were present in 26 of the 27 
normal human temporal bone specimens. Psammoma 
bodies were absent only in case |, a neonate (see 
Table). Psammoma bodies were observed around all 
4 nerves (FN, CN, SVN, IVN) in the internal audi- 
tory canal. In addition, they were found around the 
labyrinthine portion and the geniculate ganglion of 
the FN in the facial canal and also around the poste- 
rior ampullary nerve (part of the IVN) in the singu- 
lar canal (Figs 3 and 4). By contrast, psammoma bod- 
ies were not found around the tympanic portion of 
the FN, around the SVN and IVN between the lamina 
cribrosa and the vestibular end organs, or around the 


















Between LC and CO 









Kitagawa et al, Psammoma Bodies in Internal Auditory Canal 


Greater petrosal nerve 


Geniculate Ganglion 
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Fig 1. Schema of right internal auditory canal 
and its extended areas (view from top). A) Su- 
perior portion. B) Inferior portion. ASCC — 
anterior semicircular canal crista, CO — Corti’s 
organ, LC — lamina cribrosa, LSCC — lateral 
semicircular canal crista, PSCC — posterior 
semicircular canal crista, SM — saccular mac- 
ula. UM — utricular macula. 


Between LC and SM 


internal auditory canal 


CN between the lamina cribrosa in the cochlear mo- 
diolus and the organ of Corti. 


We observed 15 +3 (mean + SE) psammoma bod- 
ies around the FN in the internal auditory canal and 
labyrinthine portion as well as the geniculate gan- 
glion portion of the facial canal, 47 + 8 around the 
CN, 23 £4 around the SVN in the internal auditory 
canal, and 60 + 12 around the IVN in the internal 
auditory canal and the singular canal. Figure 5 shows 
the distribution of psammoma bodies around each 
nerve in the medial half and the lateral half of the 
internal auditory canal and its extended areas. 


Two-way repeated-measures analysis of variance 
(factors: nerve [FN, SVN, CN, and IVN] and later- 
ality [medial versus lateral aspect of each nerve]) 
and least significant difference (LSD) post hoc com- 
parisons were used to test the hypotheses that within 
the internal auditory canal, 1) psammoma bodies are 
distributed differentially among nerves and 2) psam- 
moma bodies are distributed preferentially in the lat- 
eral aspect of each nerve. Both of the main effects 
(nerve: F(3,104) = 10.2, p< .01; laterality: F(1,104) 
= 90.9, p < .01) and the interaction effect (nerve x 
laterality: F(3,104) = 9.4, p < .01) were significant. 
Post hoc tests indicated that these effects reflect 3 
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Fig 2, (Case 27) Round and laminar psammoma body 
(arrow) observed near posterior wall of internal audi- 
tory canal (H & E, original x613). 


AGE AND NUMBER OF PSAMMOMA BODIES IN 
INTERNAL AUDITORY CANAL AND ITS EXTENDED 
AREAS OF Zi HU MAN TEMPOR AL BONES _ 





SE 


No. of 
Case Psammoma 
Ne. Age Sex Side ` Bodies C ause of De ath 
Io (wk M R Q Hyaline membrane 
disease 
2 2y F L 1 Tetralogy of Fallot 
> 2y F L 43 Liver rupture 
4 4y M L S74 Cystic fibrosis 
5S 6y M L 39 Alveolar 
rhabdomyosarcoma 
6 i0y M Ee 66 Leukemia 
T doy. M R 66 Adrenal 
leukodystrophy 
8 l4y M L 67 Congenital anti- 
thrombin disorder 
9 iy M E 120 Leukemia 
IO I8y M l 176 Renal failure 
Il 2ly M L 169 Pulmonary embolism 
I2 23y F L 38 Suffocation 
133 A0xv F L [19 Coronary artery 
disease 
t4 43y M R 158 Thrombocytopenia 
iS 43y F L 129 Myocardial infarction 
Ip Sly F R 1909 Staphylococcal 
pneumonia 
I7 56y F I 208 Pharyngeal carcinoma 
IS S8y F R 104 Pulmonary embolism 
19 60y M L 21D Maxillary carcinoma 
20 64y M L 136 Tonsil cancer 
St 09y OF R 251 Parkinson e disease 
22 7Tliy M L 2560 Leukemia 
23 74y F L. KK Lung cancer 
24 76y M E 290 Coronary artery 
disease 
25 79y M R 69 Esophageal cancer 
26 Sly F L 642 Cholangitis 
27 S3y M L 256 Sudden death 


(unknown) 
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Fig 3. (Case 18) Psammoma body (arrow) around genic- 
ulate ganglion (GG: H & E, original x130). FN —- facial 
nerve. 


main findings. First, for each nerve, there was a great- 
er number of psammoma bodies laterally than me- 
dially (Fig 6, LSD test, p< DI). Second, the number 
of psammoma bodies in the lateral aspect of the 
nerves for both the CN and IVN was greater than for 
either the SVN or FN (Fig 6, LSD test, F(3.104) = 
10.1, p< .01; Fig 7). However, there was no signifi- 
cant difference in the number of psammoma bodies 
in the lateral aspect of the nerves between the CN 
and IVN or between the SVN and FN. Finally. there 
was no significant difference in the number of psam- 
moma bodies in the medial aspect of each nerve 
(F(3,104) = 0.5, not significant). 


Linear regression analysis indicated that the num- 
ber of psammoma bodies increases w ie SS GR 
son’s correlation coefficient = .653, ] 

There were no statistically signifies pak alate es SC 
tween males and females, nor between the right side 
and left side (Student’s t-test, not significant). 


DISCUSSION 


This study provides the first quantitative informa- 





Fig 4. (Case 24) Psammoma bodies (arrows) in singular 


canal (SC: H & E, original x58). PAN — 
lary nerve, 


- posterior ampul- 
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Fig 5. Distribution of psammoma bodies in internal audi- 
tory canal and its extended areas. ASCC — anterior semi- 
circular canal crista, CO —~ Corti’s organ, GG -— genic- 
ulate ganglion, LC — lamina cribrosa, LP — labyrin- 
thine portion, LSCC — lateral semicircular canal crista, 
PSCC — posterior semicircular canal crista, SC — singu- 
lar canal, SM — saccular macula, Ty — tympanic por- 
tion, UM — utricular macula. 





TI 
Pa 
CO 





Medial 


Lateral 

Fig 6. Two-way repeated-measures analysis of variance 
with factors of nerve (facial nerve [FN], superior divi- 
sion of vestibular nerve [SVN], cochlear nerve [CN], and 
inferior division of vestibular nerve [IVN]) and lateral- 
ity (medial versus lateral aspect of each nerve), and least 
significant difference post hoc comparisons. There was 
greater number of psammoma bodies laterally than me- 
dially for each nerve. Number of psammoma bodies in 
lateral aspect of nerves for both CN and INN was greater 
than for either SVN or FN. There was no significant dif- 
ference (NS) in number of psammoma bodies in medial 
aspect of each nerve. 
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Fig 7. (Case 26} Psammoma bodies (arrows) near co- 
chlear nerve (CN) at fundus of internal auditory canal 
and also posterior ampullary nerve (PAN) in singular ca- 
nal (SC: H & E, original x33). 


tion on the distribution of psammoma bodies in the 
internal auditory, facial, and singular canals. Al- 
though psammoma bodies in these areas have not 
been reported, psammoma bodies in the cranium 
were reported to be formed by normal arachnoid 
cells?-?-!9-!6 or by neoplastic cells. !-38.13-!4 Both nor- 
mal arachnoid cells and neoplastic arachnoid cells 
can form whorls and synthesize several collagen 
subtypes.!8 Psammoma bodies in normal arachnoid 
or meningiomas generate the whorls and concentric 
collagen fibers. Extracellular matrix vesicles are also 
produced by normal or neoplastic arachnoid cells. 
Calcification occurs in the matrix vesicles, and the 
mineralization process extends to the neighboring 
collagen fibers. These calcified masses form psam- 
moma bodies.!4:!9-!9° In our cases, with no brain 
tumors, psammoma bodies were present in soft tis- 
sue surrounding nerves within the internal auditory, 
facial, and singular canals. Arachnoid cells were 
identified around some of the psammoma bodies (Fig 
2), but were not identified clearly around other psam- 
moma bodies (Fig 9). The areas in which psammoma 
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Fig 8. Correlation between number of psammoma bod- 

ies in internal auditory canal and its extended areas and 

ages of 27 individuals (Pearson’s correlation coefficient 

= 653, p< .01). 


Kitagawa et al, Psammoma Bodies in Internal Auditory Canal 967 





Fig 9. (Case 22) Psammoma body (arrow) compressing 
surface of facial nerve (FN) in its labyrinthine portion 
(H & E, original x514). 


bodies were present corresponded to the reported ex- 
tent of the arachnoid cells. Perlman and Lindsay?! 
traced the arachnoid cells around the FN to the mouth 
of the facial canal in the internal auditory canal. In 
some cases, the arachnoid extended as far as the ge- 
niculate ganglion, and in rare cases, beyond it. The 
arachnoid around the eighth nerve ends at the lamina 
cribrosa. The location of psammoma bodies in the 
labyrinthine portion and the geniculate ganglion por- 
tion of the facial canal also corresponds to the areas 
supplied by the labyrinthine artery in the facial ca- 
nal.?? We suggest that psammoma bodies in the in- 
ternal auditory canal may be formed by arachnoid 
cells. This interpretation is consistent with the find- 
ing that the intracranial subarachnoidal space for 
cerebrospinal fluid is present at least up to the genic- 
ulate ganglion portion and may be present even in 
more peripheral portions, such as the tympanic and 
mastoid portions of the facial canal. Also, it may be 
present around the SVN and IVN or CN up to the 
fundus of the internal auditory canal. This extension 
of the arachnoid space is a potential communication 
route for infection from the middle ear, through the 
dehiscence of the facial canal,™ and through the fa- 


EEN 





Fig 10. (Case 26) Number of psammoma bodies (arrow) 
were present along posterior ampullary nerve (PAN: part 
of inferior division of vestibular nerve) in singular canal 


(SC: H & E, original x50). 


cial canal and the internal auditory canal to both the 
inner ear and the intracranial subarachnoidal space. 


The positive correlation between the number of 
psammoma bodies and age suggests that psammoma 
body formation may be a normal consequence of 
aging. This interpretation is consistent with previ- 
ous reports that psammoma bodies are found in nor- 
mal meninges, choroid plexus, and pineal gland of 
the aged.%4!216 The anatomic distribution of psam- 
moma bodies in the internal auditory, facial. and sin- 
gular canals raises the issue of their potential role in 
age-related dysfunction of these nerves. For example, 
findings of a psammoma body compressing the sur- 
face of the FN in the labyrinthine potion of the fa- 
cial canal (Fig 9) and numerous psammoma bodies 
surrounding the posterior ampullary nerve of the IVN 
in the singular canal (Fig 10) suggest that psammoma 
bodies may be one of the factors associated with age- 
related symptoms of the seventh and eighth cranial 
nerves. Investigation in cases of documented sev- 
enth and eighth nerve dysfunction should be per- 
formed, since our results were obtained from asymp- 
tomatic cases. 
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EXPRESSION OF NPY Y1 AND CGRP1 RECEPTORS IN HUMAN 
NASAL MUCOSA: IMPLICATIONS IN ALLERGIC RHINITIS 
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Numerous nerve fibers containing neuropeptide Y (NPY) and calcitonin gene-related peptide (CGRP) have been found in the 
human nasal mucosa by means of immunocytochemistry. We detected NPY Y1 and CGRP! receptors at the same location using 
reverse transcriptase—polymerase chain reaction. The possibility of local release in connection with specific target receptors sug- 
gests a role for endogenous NPY and CGRP in the regulation of vascular tone, glandular secretion, and epithelial functions. 


KEY WORDS — calcitonin gene-related peptide, human, immunocytochemistry, neuropeptide Y, nose, polymerase chain reac- 


tion. 


INTRODUCTION 


It is well established that nasal obstruction and 
rhinorrhea are influenced by neuropeptides released 
from sympathetic, parasympathetic, and sensory 
nerves.! In the human nasal mucosa there is a rich 
supply of peptide-containing nerve fibers, of which 
those containing neuropeptide Y (NPY) and calcito- 
nin gene-related peptide (CGRP) are prominent. The 
NPY-containing nerve fibers occur mainly around 
small blood vessels, arteries in particular,? whereas 
CGRP-containing fibers can be seen around blood 
vessels and nasal glands, as well as beneath and with- 
in the epithelium.2 Neuropeptide Y is a potent vaso- 
constrictor, and intranasal application of NPY re- 
duces nasal obstruction and mucous secretion evoked 
by allergen challenge in allergic patients.>»© Calcito- 
nin gene-related peptide takes part in sensory infor- 
mation.’ Furthermore, in the human nose, CGRP in- 
creases nasal airway resistance, but seems to have 
no or only minor effects on glandular secretion.®.? 
At least 5 human NPY subreceptors have been 
cloned,!° and 2 types of CGRP subreceptors have 
been postulated, of which 1 has been cloned and the 
other pharmacologically characterized.'! A role for 
exogenous application of NPY or of NPY agonists 
in the treatment of allergic rhinitis has been suggested 
and to some extent evaluated, whereas therapeutic 
application of CGRP antagonists remains to be ex- 
plored.° 


In the present study, we have investigated the dis- 
tribution of NPY- and CGRP-containing nerve fi- 
bers in the human nasal mucosa and evaluated the 
presence of messenger RNA (mRNA) for the 2 tar- 


get receptors, NPY Y1 and CGRP1, in the area. 


MATERIAL AND METHODS 


Tissues. For immunocytochemistry, specimens 
from the human nasal mucosa (inferior nasal turbi- 
nate) were obtained in conjunction with nasal sur- 
gery (conchotomy) from 5 patients (age range 24 to 
35 years). For RNA experiments, tissue was collected 
from another 5 patients (age range 24 to 50 years), 
frozen in liquid nitrogen immediately after acquisi- 
tion, and stored at —70°C until use. The project was 
approved by the Ethics Committee of Lund Univer- 
sity. 


Immunocytochemistry. For the immunocytochemi- 
cal demonstration of NPY and CGRP, indirect im- 
munofluorescence was used. The NPY and CGRP 
antigens (Eurodiagnostica, Malmö, Sweden) were 
raised in rabbits and used at dilutions of 1:320 and 
1:1,280, respectively. The sections were exposed to 
the primary antiserum overnight at 4°C in a moist 
chamber. The site of the antigen-antibody reaction 
was revealed by application of fluorescein isothio- 
cyanate—labeled antibodies raised against immuno- 
globulin G (Dako, Copenhagen, Denmark) at a di- 
lution of 1:320 for 1 hour at room temperature. Con- 
trol sections were exposed to antiserum that had been 
preadsorbed with an excess amount of the antigen 
(10 to 100 ug of NPY or CGRP per milliliter of di- 
luted antiserum). Additionally, the antiserum was 
tested for cross-reaction with other peptides (10 to 
100 ug of peptide per milliliter diluted antiserum). 
No such cross-reaction was found. Cross-reactions 
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with still other peptides or proteins containing amino 
acid sequences recognized by the different antisera 
cannot be excluded. It is appropriate, therefore, to 
refer to the immunoreactive material as NPY-like or 
CGRP-like. For brevity, the shorter terms NEY and 
CGRP are used. 


Isolation of Total RNA. Total cellular RNA was 
extracted with TRIzol reagent (Gibco BRL, Life Tech- 
nologies, Sweden). Frozen tissue was homogenized 
for 30 to 60 seconds with 1 mL of TRIzol reagent 
at room temperature until completely disrupted, by 
means of the microprobe of a power homogenizer 
(Polytron Kinematica AG, model PT 1200, Labora, 
Sweden). The homogenates were mixed with chlo- 
roform and centrifuged at 12,000g for 15 minutes at 
4°C. The aqueous phase, containing RNA, was.trans- 
ferred to.a fresh tube, and the RNA was precipitated 
from the aqueous phase by the addition of isopro- 
panol. Samples were incubated at room temperature 
for 10 minutes and centrifuged at 12,000g for 10 min- 
utes at 4°C. 


The RNA pellet was finally washed with 70% ice- 
cold ethanol, air-dried, dissolved in 20 uL of diethyl- 
pyrocarbonate-treated water, and stored at —20°C 
until use. The purity and yield of total RNA were de- 
termined spectrophotometrically by measurement of 
optical density of an aliquot at 260 nm and 280 nm, 
by means of a DU-65 spectrophotometer (Beckman 
Instruments, Sweden). The ratio of absorption (260: 
280) of all preparations was between 1.6 and 1.8. 
Finally, samples were subjected to gel electrophore- 
sis and stained with ethidium bromide to prove the 
integrity of the 18 and 28 S ribosomal RNAs. 

Removal of Genomic DNA From RNA Samples. 
In order to eliminate eventual residual contarninat- 
ing DNA that might produce a false-positive ampli- 
fication signal, duplicate tubes containing 1 ug of to- 


tal RNA were pretreated with 1 U of amplification- ` 


grade DNase I (Gibco BRL, Life Technologies, Swe- 
den) in DNase J reaction buffer, in the presence of 
20 U of RNase inhibitor (Perkin-Elmer AB, Sweden). 
RNase-free water was added to each tube to a final 
volume of 10 uL, and samples were incubated for 
15 minutes at room temperature. One microliter of 
25-mmol/L ethylenediaminetetraacetic acid (EDTA) 
solution (pH 8.0) was added to each tube, and sam- 
ples were heated for 10 minutes at 65°C to inacti- 
vate the DNase I and thereafter immediately cooled 
on ice. 

Reverse Transcriptase—P olymerase Chain Reac- 
tion. Synthesis of first-strand complementary DNA 
(cDNA) and subsequent polymerase chain reection 
(PCR) amplification were carried out with the Gene- 
Amp RNAPCR kit reagents (Perkin-Elmer AB, Swe- 
den) in a PCR DNA thermal cycler (Perkin-Elmer 


AB, Sweden). 


DNase-treated RNA samples were reverse-tran- 
scribed to cDNA in a 20-uL reaction volume in the 
presence of PCR buffer (50 mmol/L potassium chlo- 
ride, 10 mmol/L Tris—hydrochloric acid, pH 8.3), 5 
mmol/L magnesium chloride, 1 mmol/L of deoxy- 
ribonucleoside triphosphate (dNTP), 50 pmol of oli- 
go (dT) primers, and 50 U of M-MLV (Moloney mu- 
rine leukemia virus) reverse transcriptase. The reac- 
tion was incubated at 42°C for 15 minutes, heated to 
99°C for 5 minutes, and chilled to 5°C for 5 min- 
utes. 


The PCR reaction was performed with specific 
oligonucleotide primers and according to published 
sequences of the human NPY Y1 and CGRPI recep- 
tors, and designed by computer analysis on Oligo 
primer analysis software, version 4.0. The primers 
used to amplify a 350 base pair (bp) fragment of the 
human NPY Y1 receptor mRNA sequences corre- 
sponding to a region in the vicinity of TM5 and TM7 
and spanning the second intron located exactly after 
TM5 were as follows: sense primer, 5'-TAT ACC 
ACT CTC CTC TTG GTG CTG-3'; and antisense 
primer, 5'-CTG GAA GTT TTT GTT CAG GAA 
CCC A-3'. The primers used to amplify a fragment 
of the human CGRP! receptor generating a 339 bp 
product were as follows: sense primer, 5'-TCT GGT 
TCT CTT GCC TTT TTT TAT G-3’, corresponding 
to nucleotides 581 to 605; and antisense primer, 5'- 
GTC CAT GTT CTG TTG CTT GCT G-3', corre- 
sponding to nucleotides 898 to 919. 


The PCR amplification reaction for NPY Y1 was 
composed of 2 uL of the first-strand cDNA reaction 
mixture and 48 uL master mix containing PCR buf- 
fer, 1.5 mmol/L magnesium chloride, 1.0 umol/L of 
each sense and antisense specific primer, and 2.0 U 
of AmpliTaq Gold DNA polymerase (Perkin-Elmer 
AB, Sweden). The PCR amplification reaction for 
CGRP1 was composed of 2 uL of the first-strand 
cDNA reaction mixture and 48 uL master mix con- 
taining PCR buffer, 1.0 mmol/L magnesium chloride, 
0.2 Umol/L of each sense and antisense primer, and 
1.2 U of AmpliTag Gold DNA polymerase. The PCR 
for NPY Y1 was performed under the following con- 
ditions: 9 minutes at 95°C before undergoing 35 cy- 
cles of 1 minute at 94°C and 1 minute at 60°C, fol- 
lowed by a 7-minute final extension at 72°C. The 
PCR used for CGRP1 was 9 minutes at 94°C before 
undergoing 35 cycles of 1 minute at 94°C and 1 min- 
ute at 63°C, followed by a 7-minute final extension 
at 72°C. 

Electrophoretic Analysis. Ten microliters from all 
PCR-amplified products were electrophoretically 
separated on a 1.5% agarose gel (Gibco BRL, Life 
Technologies, Sweden) containing 0.5 g/mL ethid- 
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Fig |. Human nasal mucosa. Size bar — 50 
um. A) Fine-beaded neuropeptide Y (NPY)- 
containing nerve fibers are seen around small 
blood vessels and in stroma. B) Moderate sup- 
ply of calcitonin gene-related peptide—contain- 
ing nerve fibers around small blood vessel. 


ium bromide (Sigma E 1510) in TBE buffer (89 
mmol/L TRIS-borate, 2 mmol/L EDTA, pH 8.0) at 5 
V/cm for 1!/2 hours. This analysis was performed in 
a 20 x 10-cm Midicell, model EC 350 (E-C Appara- 
tus Corporation; Techtum Lab AB, Sweden). A 100 
bp DNA ladder (Promega, SDS, Sweden) was run in 
each of the outside lanes to confirm the molecular 
size of the amplification product. 


RESULTS 


Numerous fine-beaded, NP Y-containing nerve fi- 
bers were seen in the nasal mucosa. The majority of 
the immunoreactive nerve fibers were found in con- 
nection with blood vessels (Fig 1). Occasional fi- 
bers were also seen in the stroma without apparent 
association to blood vessels. We saw CGRP-contain- 
ing fibers close to small blood vessels and seromu- 
cous glands within and beneath the epithelium (Fig 
1). 


Agarose gel electrophoresis of the reverse tran- 
scriptase (RT)-PCR products from the human nasal 





mucosa demonstrated products of the expected sizes, 
corresponding to mRNA encoding the human CGRP 
receptor (339 bp) lane 5 and the human NPY Y1 re- 
ceptor (350 bp) lane 3 (Fig 2). To determine if the 
amplification product came exclusively from the 
RNA, an RT-negative reaction was run in which the 
enzyme was replaced by RNase-free water in lanes 
2 and 4. 
DISCUSSION 

Neuropeptide Y is a neuropeptide widely distrib- 
uted in the central and peripheral nervous systems. 
It modulates several physiological processes, includ- 
ing appetite, blood pressure, and circadian rhythms. 17 
There is a rich supply of NP'Y-immunoreactive nerve 
fibers around peripheral blood vessels.'° In sympa- 
thetic nerve cell bodies and around biood vessels, 
NPY coexists with tyrosine hydroxylase and dopa- 
mine-B-hydroxylase, markers for adrenergic neu- 
rons.!4 The NPY-mediated vasoconstriction is long- 
lasting and resistant to @-adrenoceptor antagonists, 
In peripheral blood vessels, NPY may act on vessel 
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Fig 2. Gel electrophoresis of reverse transcriptase—poly- 
merase chain reaction products after 35 cycles of ampli- 
fication of messenger RNA fragments corresponding to 
human NPY Yt receptor transcripts. As positive control, 
human uterine placenta was used (lanes 3 and 4). As nega- 
tive control, no amplification product occurred when re- 
verse transcriptase was omitted in first-strand com- 
plementary DNA reaction. Promega’s 100 base pair DNA 
ladder was run to confirm molecular size of amplifica- 
tion product (lane 1). 


tone by direct constriction,!> by potentiation of nor- 


adrenaline-induced contraction,!® or by inhibition of 


presynaptic noradrenaline release 7 It has recently 
been demonstrated that activation of the NPY Y1 re- 
ceptor results in contraction of human cerebral and 
subcutaneous arteries!9“° and potentiation of nor- 
adrenaline-induced contraction in human omental 
blood vessels.*! Thus, it is likely that this receptor is 
involved in the NPY responses in the nasal mucosa. 
Neuropeptide Y exerts its action through several 
classes of subreceptors.!° The roles played by each 
of the different subreceptors have been difficult to 
delineate due to the lack of selective receptor antag- 
onists. However, by using differences in the sensi- 
tivity to various NPY analogs, two NPY subrecep- 
tors, YI and Y2, have been functionally character- 
ized. The mRNA for the Y1 receptor has been dem- 
onstrated in human arteries. !?--°-2 In the human nose, 
protective effects of local NPY application on cap- 
saicin-induced sneezing and secretion have been de- 
scribed and may partly be related to both Y1 recep- 
tor—mediated contraction and NP Y-mediated inhibi- 
tion of neurotransmitter release "27 In the present 
study, numerous NP Y-immunoreactive nerve fibers 
were seen around blood vessels, corresponding to 
previous findings in the nasal mucosa of laboratory 
animals and humans.*4 


Nerve fibers containing CGRP were seen around 


blood vessels and nasal glands and within and be- 
neath the epithelium in the human nasal mucosa, con- 
firming previous results. In laboratory animals, 
CGRP and NPY are up-regulated in response to pe- 
ripheral inflammation->; this finding suggests that 
both peptides are involved in the response to inflam- 
mation and nociception. In addition, in laboratory 
animals, CGRP may dilate blood vessels and regu- 
late glandular secretion.“°’ Highly specific CGRP 
receptors have been identified both in the intima and 
in the media layers of peripheral blood vessels, such 
as the superior mesenteric, the femoral, and the coro- 
nary arteries.-°-? Calcitonin gene-related peptide 
causes marked stimulation of adenylate cyclase in 
cultured aortic smooth muscle and endothelial cells. 
These binding sites are linked to the generation of 
cyclic AMP via a non—endothelium-dependent mech- 
anism.*? The C-terminal fragment of human &-CGRP, 
hCGRP8-37, has antagonistic effects on CGRP-in- 
duced adenylate cyclase activity in liver cell mem- 
branes and acts as a competitive &-hCGRP receptor 
antagonist in the cardiovascular system of the rat, in 
the guinea pig atrium, and in the guinea pig eum 2137 
hCGRP8-37 shows a weak antagonistic effect in rat 
vas deferens and is ineffective against o-hCGRP-— 
induced hyperthermia. Consequently, the existence 
of at least two classes of CGRP receptors has been 
suggested,*! one being sensitive and the other being 
insensitive to hCGRPs-37. The CGRP! receptor is 
highly sensitive to the antagonistic properties of 
CGRP8-37. Receptors that do not respond to CGRPs- 
37 are at present grouped together as CGR P2,323 
Thus, our finding of CGRP! receptor mRNA in the 
nasal mucosa agrees well with previous pharmaco- 
logical studies that have shown a potent relaxant 
CGRP! receptor coupled to adenylyl cyclase activ- 
ity 


The presence of NPY-containing nerve fibers 
around blood vessels in the human nasal mucosa. 
together with our detection of NPY Y! receptor 
mRNA in the same area and the known effects of 
NPY, makes it conceivable that NPY Y1 receptors 
play a role in the regulation of nasal airway resis- 
tance and nasal secretion. Neuropeptide Y agonists 
could therefore be of therapeutic interest in the treat- 
ment of allergic rhinitis. The finding of CGRP-con- 
taining fibers close to glands, around blood vessels, 
and beneath and within the epithelium and the known 
vasodilatory effects of CGRP make it conceivable 
that part of the vasodilatation is mediated by a CGRP! 
receptor. Since CGRP gives rise to increased nasal 
mucosal blood flow, tentatively via the CGRP1 recep- 
tor, it is tempting to speculate that a CGRP1 receptor 
antagonist might have a beneficial effect on the symp- 
toms of allergic rhinitis. 
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Mineralocorticoid hormones regulate secretion and absorption in a wide variety of epithelial tissues, although specific mecha- 
nisms in the olfactory mucosa are currently unknown. Utilizing reverse transcription—polymerase chain reaction (RT-PCR) analysis, 
we have demonstrated the expression of mineralocorticoid (type I) receptor messenger RNA in the rodent olfactory mucosa. Ampli- 
fication products of predicted size were obtained with nucleotide sequences corresponding to respective mineralocorticoid receptor 
(MR) kidney transcripts. Immunocytochemistry, using an antibody with known specificity for MRs, was then utilized in order to 
' localize the cellular site(s) of MR protein expression in the olfactory mucosa. The highest levels of MR immunoreactivity were 
localized to the supranuclear region of sustentacular cells, as well as the acinar cells of the Bowman’s glands. The respiratory regions 
of the nasal cavity were devoid of appreciable MR immunoreactivity. This study demonstrates both MR transcript and protein 
expression in the olfactory mucosa. We hypothesize that the mineralocorticoid hormones may have a role in modulation of olfactory 
secretion and/or sensory transduction in the peripheral olfactory system. 


KEY WORDS — aldosterone, corticosteroids, Na,K-ATPase, neurons, olfactory mucus, olfactory receptor cells, sustentacular 


cells. 


INTRODUCTION 


The olfactory mucosa is a neuroepithelial tissue 
wherein the secretory and absorptive functions sub- 
serve sensory transduction and transmission. In mam- 
mals, acinar cells of Bowman’s glands are the pri- 
mary source of olfactory mucus, which is a highly 
specialized substance vastly different from nasal res- 
piratory secretions.! Olfactory mucus bathes the re- 
ceptor cilia of olfactory neurons and provides the 
source of ions necessary for transduction. Sustentac- 
ular cells mediate the flux of water and electrolytes 
across the epithelial surface and also serve glial-like 
functions, regulating the ion content of perineural 
fluid surrounding the olfactory neurons.” Despite the 
proximity of the olfactory mucosa to the external en- 
vironment, these specialized secretory processes evi- 
dently maintain the necessary conditions for the per- 
ception of odor. 


Olfactory secretion and absorption results in the 
generation of 2 distinct microenvironments: perineu- 
ral fluid, which covers the lateral plasma membranes 


of the receptor cells, and olfactory mucus, which cov- 
ers the dendritic knobs and cilia of the receptive field. 
These 2 compartments are separated by tight junc- 
tions between sustentacular cells and neurons at the 
apical surface.? The characteristics of the extracellu- 
lar (perineural) fluid and olfactory mucus surround- 
ing receptor cells are important for olfactory trans- 
duction and transmission.'* Studies focused on the 
regulation of olfactory secretion have stressed the 
action of specific transmitters and modulatory sub- 
stances acting through an extensive neural input to 
Bowman’s glands.2-* The possibility of systemic (hor- 
monal) regulation of these processes has not been 
evaluated. 


Mineralocorticoids are 1 of 2 broad classes of ste- 
roid hormones produced by the adrenal cortex that 
have been shown to regulate secretion in a variety of 
epithelial tissues.56 These hormones act by binding 
to specific receptors located in target cells. The ma- 
jor physiological mammalian mineralocorticoid is al- 
dosterone, and recent biochemical studies have dem- 
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Fig I. Reverse transcription—polymerase chain reaction 
analysis of mineralocorticoid receptor (MR) and alfacto- 
ry marker protein (OMP) expression from total RNA of 
olfactory mucosa and kidney (positive control). This Fig- 
ure shows ethidium bromide—stained 1.5% agarose gels 
containing complementary DNA (cDNA) amplified from 
reverse-transcribed RNA by means of PCR primers for 
MR and OMP as denoted above each lane. 100 kilobase 
DNA ladder (Gibco BRL, Gaithersburg, Md) was included 
at left of gel (lane 1). cDNA bands of predicted sizes were 
obtained for MR and OMP (lanes 2, 6, and 7), demon- 
strating adequately functioning primers. When RT step 
was omitted (negative control), no bands were observed 
(lanes 4, 5, 8, and 9). Lane 3 shows absence of OMP in 
kidney, as expected, 


onstrated the presence of high levels of aldosterone 
binding within the olfactory mucosa,’ whereas in oth- 
er epithelial tissues, aldosterone acts, in part, by in- 
creasing the activity of the enzyme sodium- and po- 
tassium-activated adenosinetriphosphatase (Na,K- 
ATPase).°-© Recent animal studies have suggested 
that olfactory Na,K-ATPase activity is regulated by 
aldosterone as well.’ To further evaluate the possible 
role of this hormone in the peripheral processes of 
olfaction, we utilized the polymerase chain reaction 
(PCR) to demonstrate the presence of messenger 
RNA (mRNA) for the mineralocorticoid receptor 
(MR) within the olfactory mucosa. Second, we inves- 
tigated the distribution of the MR protein expression 
within the cells of the mucosa by utilizing an anti- 
body specific for this receptor. 


METHODS 


Animal Model. Guinea pigs, mice, and rats were 
used as animal subjects in the current experiments, 
since each species has certain advantages and disad- 
vantages in the investigation of corticosteroids and 
the olfactory system. Initial experiments on this topic 
utilized guinea pigs as the subject model.’ Guinea 
pigs were chosen due to their known similarity to 
humans with regard to corticosteroid biochemis- 
ra TH. and in view of their thin nasal bones and rela- 
tively wide nasal cavity. These latter qualities facil- 
itate dissection of olfactory tissues for subsequent 
histologic studies. Mice also have thin nasal bones, 


but their corticosteroid biochemistry is similar to that 
of the rat, with corticosterone hormone being the pri- 
mary glucocorticoid, and not cortisol, as in guinea 
pigs and humans.’-?!® As a result, guinea pigs and 
mice were chosen for the immunocytochemical ex- 
periments in this investigation. The rat is the stan- 
dard animal model for molecular biological experi- 
ments, and as a consequence, the nucleotide sequence 
for rat MR is already known. Specific PCR primers 
were designed based on those data.!! Finally, obser- 
vation in different species allows a comparison of 
the data between species and also enhances the con- 
fidence in the accuracy of our observations. 
Reverse Transcription—Polymerase Chain Reac- 
tion (RT-PCR). To demonstrate the expression of MR 
mRNA in the olfactory mucosa, | male adult Wistar 
rat per preparation (Charles River Breeding Labora- 
tories, Inc, Kalamazoo, Mich) was anesthetized, and 
the nasal mucosa was quickly removed and stored at 
-70°C. Total RNA was isolated (Qiagen, Chatsworth, 
Calif), treated with DNAse I (Life Technologies, Gai- 
thersburg, Md) to remove any residual DNA contam- 
ination, and reverse-transcribed. Reverse transcrip- 
tion was carried out with random hexamer primers 
and Moloney murine leukemia virus reverse tran- 
scriptase (Clontech, Palo Alto, Calif). The forward 
primer was 5'-CCAAAGGCTACCACAGTCTC-3, 
and the reverse primer was 5'-TCCCAGACCGAC- 
TATTGTCT-3’', corresponding to nucleotide positions 
481 to 500 and 720 to 701, respectively. The primer 
pair was specifically designed to amplify a 240 base 
pair (bp) fragment of the hormone binding domain. 
Expression of the olfactory marker protein (OMP) 
mRNA was used as a positive molecular control to 
indicate the presence of olfactory-specific transcripts 
in the RNA isolated from peripheral olfactory tis- 
sues. Rat OMP primers were selected from the cod- 
ing region of the cloned rat OMP complementary 
DNA (cDNA) sequence.'!* The forward primer was 
S'-GTTCTGGACCAGGACCTGAC-3' (nucleotides 
42 to 62), and the reverse primer was 5'-CATGAG- 
GTTGGTGAGGTCTG-3 (nucleotides 263 to 282). 
For positive MR controls, total RNA from rat kid- 
ney was utilized. Eight separate olfactory mucosa 
and 8 kidney RNA preparations were employed for 
Fig 1, and the results were reproducible across the 
preparations. A PCR analysis was initiated with a 
single period of denaturation at 95°C for 2 minutes, 
followed by 30 cycles of 94°C for 60 seconds, 55°C 
for 30 seconds (annealing), and 72°C for 60 seconds. 
This procedure was completed by continuation of the 
last 72°C incubation for a further 5 minutes. 
Immunocytochenustry. Tissues from post-weaned 
mice (The Jackson Laboratory, Bar Harbor, Me), 15 
to 18 days old, and male Hartley guinea pigs, 200 to 
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Fig 2. Light microscopic localization of MR-like immu- 
noreactivity in mouse olfactory epithelium. A) Within 
mouse nasal cavity. fluorescein-labeled MR immunore- 
activity is seen associated with apical region (arrows) of 
olfactory epithelium (OE). In contrast, MR-like immu- 
noreactivity is absent from respiratory epithelium (RE). 
Bar (also for B) — 100 um. B) When primary antibody 
was omitted from incubation medium, no fluorescent sig- 
nal could be detected. C) Apical staining pattern identi- 
fied in OE of A is associated with supranuclear region 
(arrows) of sustentacular cells. In addition, staining is 
seen in perinuclear region of probable olfactory receptor 
cells (large arrowheads) and axonal processes (small ar- 
rowheads) as well. Bar — 40 um. 
250 g (Charles River Breeding Laboratories, Inc), 
were fixed by vascular perfusion with 4% parafor- 
maldehyde in 0.1-mol/L phosphate-buffered saline 
(PBS), pH 7.4 (for immunofluorescent studies), or 
with 4% paraformaldehyde and 0.1% glutaraldehyde 
in 0.l-mol/L PBS, pH 7.4 (for immunoperoxidase 
studies), at room temperature. Either the nasal cham- 
bers were removed in situ and later decalcified, or 
the olfactory mucosa (directly anterior to the olfac- 
tory bulb on the roof of the nasal cavity) was dis- 
sected away from the bony tissues. The tissues were 
fixed by immersion for | additional hour at 4°C. Fol- 
lowing fixation, tissues were rinsed in PBS, pH 7.4. 
The dissected olfactory mucosae were immediately 
processed for cryostat sectioning, while the whole 
nasal chambers were decalcified in a 3% ethylene- 
diaminetetraacetic acid solution over 5 to 7 days at 
4°C.!3 The tissues were then infiltrated with chilled 
phosphate-buffered graded (10% to 20% to 30%) 
sucrose solutions, embedded in OCT compound 
(Miles, Elkhart, Ind), and sectioned at 6 to Um with 
a cryostat. Decalcified tissues were sectioned in the 
coronal plane. 





The cDNA sequence of human MR has been de- 
termined,'4 and Krozowski et al!° have synthesized 
an immunogenic segment of MR protein deduced 
from this clone. Polyclonal antibody, obtained by im- 
munization of rabbits with a synthetic fusion protein 
corresponding to 167 amino acids of the N-terminal 
region of the human renal MR, has subsequently been 
used to localize MRs in ion-transporting epithelia 
(kidney, colon, and salivary and sweat glands) and 
nonepithelial tissue (neurons of the hippocampus) 
by means of immunohistochemical and Western blot 
analysis.!®!7 This same rabbit polyclonal antibody 
is used in this study. 


After sectioning, tissues were rehydrated with 0.01- 
mol/L PBS for 15 minutes at room temperature. They 
were quenched for free aldehyde groups and endog- 
enous peroxidase activity with 1% sodium borohy- 
dride in PBS and 0.3% hydrogen peroxide in abso- 
lute methanol, respectively. The sections were then 
incubated overnight in primary antibody at 4°C. The 
primary antibody (rabbit polyclonal antibody raised 
against MR protein) was diluted (1:200 to 1:1,000) 
with PBS containing 1% normal goat serum and 0.2% 
Triton X-100. For immunofluorescence detection, 
following incubation with the primary antibody, cryo- 
stat sections were incubated with a fluorescein-la- 
beled goat anti-rabbit IgG (Zymed Immunochemical 
Co, Burlingame, Calif), rinsed in PBS, and mounted 
in a PBS solution containing 0.1% p-phenylenedia- 
mine and 70% glycerol. For immunoperoxidase de- 
tection, sections exposed to the primary antibody were 
incubated with a biotinylated goat anti-rabbit IgG 
(Vector Laboratories, Burlingame). The biotin was 
then linked to peroxidase with a peroxidase-labeled 
ABC kit (Vector Laboratories). Peroxidase activity 
was localized with diaminobenzidine and hydrogen 
peroxide (Zymed Immunochemical Co, Los Ange- 
les, Calif) used as substrates. The peroxidase reac- 
tion was terminated by 3 rinses in PBS, and slides 
were mounted in aqueous mounting medium (Sigma 
Chemical Co, St Louis, Mo). The slides were exam- 
ined and photographed by light field or epifluores- 
cence with a Leitz microscope. As a control, the pri- 
mary anti-MR antibody was omitted from the incu- 
bation medium. The Animal Investigation Commit- 
tee of Northwestern University approved the care and 
use of the animals employed in this study. 


RESULTS 


Expression of MR mRNA in Olfactory Mucosa. Syn- 
thesized PCR primers were effective in directing am- 
plification of MR sequence from rat kidney cDNA 
and yielded bands of predicted molecular size, pro- 
viding a positive control and demonstrating the func- 
tionality of the primers (Fig 1, lane 2). When the PCR 
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Fig 3. Light microscopic localization of MR-like immunoreactivity in guinea pig olfactory mucosa. Bar — 45 um. Aj 
This Figure is low-power micrograph showing olfactory epithelium and lamina propria of guinea pig. By use of immu- 
noperoxidase technique, immunoreactivity for MRs is again clearly seen at apical surface (s) corresponding to Sustentac- 
ular cells, Olfactory nerve axon bundles (n) and Bowman’s glands (arrows) in lamina propria also stained for MRs. B} 
There is no staining in cells of epithelium or lamina propria when primary antibody is omitted from incubation medium. 


O77 


reaction was performed with cDNA from rat olfac- 
tory mucosa MRNA, product corresponding to the 
MR was amplified (lane 6). The fact that the olfac- 
tory band represented actual MR message was con- 


“ 


firmed by nucleotide sequence analysis. Product ol 
the predicted 240 bp sequence for OMP (arrow) was 
amplified from the RNA extracted from the olfac- 
tory mucosa (lane 7), while no amplification above 





a 


Fig 4. Light microscopic localization of MR-like immunoreactivity in rodent olfactory epithelium. Bar — 15 um. A) 
This Figure shows higher-power micrograph of area indicated in Fig 2C. Upon closer examination, it is clear that 
supranuclear region (black arrows) of sustentacular cells and perinuclear region of olfactory receptor cells Carrow- 


heads) and their axonal processes (white arrows) are positive for MR-like immunoreactivity. B} Similar localization of 


MR-like immunoreactivity was seen by immunoperoxidase (ABC) method in guinea pig. Immunocytochemical local- 
ization of MRs was clearly observed in supranuclear region (arrows) of sustentacular cells. Scattered precipitate is aise 
seen in lower regions of epithelium, suggesting activity in olfactory receptor neurons. C) There is no staining of struc 
tures identified by immunoperoxidase technique in guinea pig olfactory mucosae (arrows) when polyclonal antibody to 
MR is omitted from primary incubation medium. 
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background was noted in the kidney (lane 3). The 
presence of the OMP product confirms that olfac- 
tory mucosa was present in the tissue sample. There 
was no amplification of the expected bands with ol- 
factory mucosa and kidney samples when reverse 
transcription was omitted (negative controls), and this 
finding indicates negligible contribution to the band 
of interest from spurious sources such as genomic 
DNA degradation products, primer oligomers, or oth- 


Fig 5. Fluorescein-labeled MR 
immunoreactivity in Bowman’s 
glands (bg) of mouse. A.C) High- 
magnification photomicrographs 
demonstrate immunofluorescence 
staining for MRs in cytoplasm of 
Bowman's gland acinar cells. A) 
Bar — 30 um. C) Bar — 90 um. 
B) In control section in which pri- 
mary antibody was omitted, there 
was no immunoreactivity, Bar — 
60 um. 


er contaminating DNA (lanes 4, 5, 8. and 9). 


Expression of MR Proteinin Olfactory Mucosa. Lo- 
calization of the protein expression of MR in the ol- 
factory mucosa was sought through immunofluores- 
cence and immunoperoxidase microscopy. At low 
magnification, immunoreactivity to the synthetic fu- 
sion protein, corresponding to 167 amino acids of 
the N-terminal region of the human renal MR, was 





Fig 6. Immunoperoxidase staining of Bowman's glands (bg) in guinea pig. Bar — 10 um. A) With immunoperoxidase 
technique, intense immunoreactivity for MRs is clearly demonstrated in cytoplasm of Bowman’s gland acinar cells, B) 
Control micrograph without primary antibody demonstrates no activity. 
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observed in the olfactory mucosa of the mice (Fig 
2A) and guinea pigs (Fig 3A), while activity in neigh- 
boring respiratory regions was absent (Fig 2A). When 
the olfactory mucosa was examined at higher mag- 
nification (Fig 4A,B), it became clear that the supra- 
nuclear region of sustentacular cells was positive for 
MRs. Immunoreactivity was also noticed deeper in 
the epithelium, corresponding to the location of the 
cell bodies of olfactory receptor neurons (Figs 2C 
and 4A). Although definitive identification of the 
cells is not possible at this magnification, these cells 
appear to be olfactory receptor neurons with immu- 
nofluorescence apparent in the perinuclear region and 
the cellular processes (Figs 2C and 4A). Immunore- 
activity in this location was less intense, however, 
and was not present in all olfactory receptor neu- 
rons. In the lamina propria, immunoreactivity was 
demonstrated in the acinar cells of Bowman’s glands 
and olfactory nerve bundles that consist of bundles 
of receptor axons surrounded by ensheathing cells 
(Figs 3A, 5, and 6). While these latter structures dem- 
onstrate immunoreactivity for MR, it is not possible 
to determine whether this represents activity of en- 
sheathing cells or receptor axons. With the omission 
of the primary antibody, no immunoreactivity was 
detected (Figs 2B and 3B). 


DISCUSSION 


Earlier biochemical and histochemical studies iden- 
tified the presence of MRs, as well as the enzyme 
118-hydroxysteroid dehydrogenase (the specific pro- 
tector of MR in mineralocorticoid target tissues), in 
olfactory mucosa.’? The current study provides fur- 
ther evidence for the presence of MRs in the olfacto- 
ry mucosa by means of RT-PCR. Samples of olfactory 
mucosa and the known positive control (kidney) dem- 
onstrated the presence of mRNA for MRs. By their 
design, the RT-PCR experiments did not address the 
question of which cell type(s) within the olfactory 
mucosa contain the MRs. Therefore, in the present 
study we utilized techniques that would identify spe- 
cific target cells containing the MRs by use of poly- 
clonal antibody raised against purified receptor pro- 
tein. We report that MR-like immunoreactivity is 
present in olfactory regions, but not respiratory re- 
gions, of the mammalian nasal mucosa. The immu- 
noreactivity was seen within the supranuclear re- 
gions of sustentacular cells. Less intense immuno- 
reactivity was frequently identified in the perinuclear 
region and axons of olfactory receptor cells. In the 
lamina propria, olfactory nerve bundles demonstrated 
MR immunoreactivity. These structures are located 
deep within the mucosa and represent bundles of ol- 
factory receptor axons surrounded by ensheathing 
cells. In addition, acinar cells of Bowman’s glands 


clearly demonstrated intense MR immunoreactivity. 
In all cell types, activity was primarily localized to 
the cytoplasm, consistent with both the cellular loca- 
tion of MRs and also earlier studies using this anti- 
body. 17 


Much is known about the biological effects of min- 
eralocorticoid hormones in a variety of tissues. Only 
recently, however, have studies begun to address the 
question of the role of mineralocorticoids in olfac- 
tory function. Mineralocorticoids and glucocorticoids 
are the 2 broad classes of corticosteroids secreted by 
the adrenal glands. Cortisol (in humans and guinea 
pigs) and corticosterone (in rats and mice), the pre- 
dominant physiological mammalian glucocorticoids, 
are believed to regulate cellular growth and develop- 
ment, immune response, electrolyte transport, and 
other processes. Mineralocorticoids are typically in- 
volved in regulation of fluid and electrolyte trans- 
port in various epithelial tissues. These hormones act 
by binding to specific intracellular receptors present 
within the cells of target tissues. At least 2 types of 
cytosolic adrenal corticosteroid receptors exist: type 
ĮI and type II. Type I receptors are referred to as “min- 
eralocorticoid” and type I as “glucocorticoid” on the 
basis of their in vivo binding selectivity. Historical- 
ly, mineralocorticoids have been defined as hormones 
promoting unidirectional transepithelial sodium trans- 
port.>»!7 The physiological mineralocorticoid hormone 
is aldosterone, and its classic action in the nephron 
is one of sodium retention and potassium secretion 
at least in part mediated through increases in Na,K- 
ATPase activity.!8 Besides its renal effects, however, 
aldosterone has analogous effects on the salivary 
glands,!?.2° sweat glands,?! colonic mucosa,?? am- 
phibian urinary bladder,?3.24 and anuran skin.?5 A co- 
herent physiology for aldosterone involves conser- 
vation of sodium in a variety of secretory and absorp- 
tive tissues. In these tissues, the enzyme Na,K-ATP- 
ase has been localized to the basolateral cell mem- 
brane of transporting epithelial cells by cytochemi- 
cal and autoradiographic techniques.2° Specific ef- 
fects of aldosterone on the olfactory mucosa are cur- 
rently unknown, but it should be noted that Na,K- 
ATPase is present along the basolateral surface of sus- 
tentacular cells and acinar and duct cells of Bow- 
man’s glands.?7,28 


Biophysical studies have suggested the presence 
of a standing short-circuit current across the olfac- 
tory mucosa consisting of passive absorption of so- 
dium and other ions across the apical membrane of 
sustentacular cells.2? The Na,K-ATPase present along 
the basolateral surface of these cells actively pumps 
out sodium into the intercellular space.2’ The cur- 
rent study demonstrates the presence of MRs in sus- 
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tentacular cells. The physiological action of aldos- 
terone on these cells would, therefore, likely serve 
to increase the absorption of water and electrolytes 
across the olfactory mucosa through an increase in 
Na,K-ATPase activity, and possibly serve to modu- 
late the ion content of the perineural fluid surround- 
ing olfactory receptor neurons. The current study also 
demonstrates MRs within acinar cells of Bowman’s 
glands. Aldosterone-mediated increases in the ac- 
tivity of Na,K-ATPase in acinar and duct cells of 
Bowman's glands would likely increase ion resorp- 
tion, similar to the effects on the kidney and salivary 
gland.!7-!9 The net result would be a decrease in the 
sodium and chloride content of olfactory mucus. This 
may have particular significance, given the apparent 
importance of low mucus chloride concentration in 
the initial phases of olfactory transduction“? 


The possible localization of MRs in the olfactory 
receptor neurons raised the question as to whether 
the electrical properties of the olfactory neurons could 
be directly affected by mineralocorticoid hormones. 
It has been acknowledged for many years that adre- 
nal corticosteroid hormones cross the blood-brain bar- 
rier and bind to intracellular receptors in the bran 2 
Moreover, it is worth noting that high levels of MRs 
have been demonstrated in neurons of the hippocam- 
pue 27227 Although the role of MRs within neurons is 
currently uncertain, recent studies have revealed that 
corticosteroid hormones are able to restore changes 
in neuronal membrane properties induced by current 
or neurotransmitters.*? It is unclear whether these ef- 


fects are mediated through increases in Na,K-ATPase 
activity, as seen in epithelial cells. In olfactory neu- 
rons, however, high levels of Na,K-ATPase have been 
reported, particularly on their apical (dendritic) sur- 
faces and receptor cl. 2728 Recent studies have dem- 
onstrated a relatively high intracellular chloride con- 
centration in these locations that appears to be impor- 
tant for the initial stages of olfactory transduction“© 
The molecular mechanisms responsible for this high 
intracellular chloride concentration are unknown, but 
high levels of Na,K-ATPase and sodium, potassium. 
chloride cotransporter are utilized by other systems. 
Whether aldosterone increases activity of Na,K- 
ATPase enzyme in olfactory neurons is currently un- 
known, but it is possible that high levels of this en- 
zyme mediated by aldosterone could serve to main- 
tain gradients during periods of high ion flux. 


Corticosteroids are the most commonly prescribed 
medications for treatment of clinical olfactory dis- 
orders secondary to rhinologic disease. The mecha- 
nism of action is unknown, but has been presumed 
to be secondary to increased airflow to the olfactory 
cleft mediated by anti-inflammatory effects on the 
nasal respiratory epithelium.*> The current report, as 
well as other recent studies, suggests that cortico- 
steroids may have direct effects on the olfactory mu- 
cosa with implications for secretion, absorption, and 
transduction in the physiological and pathophysio- 
logical states.’.?->-5© The precise effects of these hor- 
mones on the cells of the olfactory mucosa are the 
subject of current study. 
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Deglutitive upper esophageal sphincter opening (UES) in the elderly has been incompletely studied. Our aim was to determine in 
the elderly the temporal and dimensional characteristics of deglutitive UES opening; anterior and superior hyoid and laryngeal 
excursions as measures of distracting forces imparted on the UES; and hypopharyngeal intrabolus pressure (IBP). Fourteen healthy 
elderly and 14 healthy young volunteers were studied by concurrent videofluoroscopy and hypopharyngeal manometry during swal- 
lowing of 5- and 10-mL barium boluses. The anteroposterior UES diameter, as well as the anterior hyoid bone and laryngeal excur- 
sion, was significantly smaller in the elderly compared to the young (p < .05) for 5-mL barium boluses, but not for 10-mL boluses. 
The lateral diameter of UES opening was similar between groups for all boluses. The IBP for 5- and 10-mL swallows in the elderly 
was significantly higher than that in the young (p < .05). We conclude that anteroposterior deglutitive UES opening and hyoid bone 
and thyroid cartilage anterior excursion are reduced in the elderly. These changes are associated with increased IBP, suggesting a 
higher pharyngeal outflow resistance in the elderly compared to the young. 


KEY WORDS — compliance, hydrodynamic resistance to flow, traction forces. 


INTRODUCTION 


Information about the effect of aging on upper 
esophageal sphincter (UES) opening is scarce, and 
available studies have suggested a reduction of de- 
glutitive UES opening in the elderly compared to the 
young! due to a decrease in the distensibility of the 
cricopharyngeus muscle.” Evidence of reduced cri- 
copharyngeus muscle distensibility is that hypopha- 
ryngeal intrabolus pressure is significantly higher in 
the elderly compared to the young,!* the higher pres- 
sure being a functional consequence of greater hy- 
drodynamic resistance in the less distensible, elderly 
UES. 


However, opening of the VES during swallowing, 
in addition to its distensibility, is influenced by the 
deglutitive relaxation of the cricopharyngeus muscle 
and the traction forces imparted upon this muscle by 
contraction of the thyrohyoid and suprahyoid mus- 
cles, involved in UES opening.>-!2 Abnormalities of 
1 or more of these components may potentially re- 
sult in reduction in maximum UES opening. The rela- 
tive contribution of abnormalities of the above-men- 
tioned components to the reduced UES opening re- 
ported in the elderly has not been systematically in- 
vestigated. The aim of the present study was to de- 
termine in the elderly 1) the temporal and dimension- 


al characteristics of deglutitive UES opening; 2) the 
associated biomechanical events, such as anterior and 
superior hyoid and laryngeal excursions as measures 
of distracting forces imparted on the UES by con- 
traction of the UES opening muscles; and 3). intra- 
bolus hypopharyngeal pressure as a measure of pha- 
ryngeal outflow resistance. We then compared these 
findings with those in the young. 


METHODS 


Fourteen young (age 32.8 + 2.7 years, range 24 to 
42 years, 7 male and 7 female) and 14 elderly healthy 
volunteers without any swallowing difficulties (age 
75.0 + 2.8 years, range 70 to 90 years, 6 male and 8 
female) were studied. Studies were approved by the 
Human Research Review Committee of the Medical 
College of Wisconsin, and volunteers gave informed 
consent before their studies. 


To determine the anteroposterior diameter and lat- 
eral diameter of the UES opening, and the concur- 
rent intrabolus hypopharyngeal pressure, a simulta- 
neous videofluoroscopic and manometric technique 
was used. For determination of intrabolus hypopha- 
ryngeal pressure, a solid-state transducer assembly 
was used. Two 3-site transducer probes with their 
pressure sensors 3 cm apart (Gaeltec MMI, Hacken- 
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sack, NJ) were secured side-by-side so that the mano- 
metric recording sites were separated by 1.5 cm. The 
transducer assembly was passed transnasally follow- 
ing application of 2% topical Xylocaine (Astra Phar- 
maceuticals, Westborough, Mass) with a cotton- 
tipped applicator and positioned such that the most 
distal site was within the UES high-pressure zone 
during resting. During swallowing, due to orad ex- 
cursion, the sphincter climbed onto the transducer 
above,! while the transducer located 1.5 cm more 
proximally recorded the hypopharyngeal intrabolus 
pressure during swallowing. Transducers were faced 
posteriorly. This direction was maintained by the flat 
shape produced by securing the 2 probes together 
(4.4 x 2.2 mm). The pressure recordings were refer- 
enced to the local atmospheric pressure. All pres- 
sure data were recorded on an 8-channel Sensormed- 
ics Polygraph and concurrently recorded on a 16- 
channel Vetter FM tape recorder for subsequent anal- 
ysis on a computerized digitization system. 


The UES dimensions in the anteroposterior direc- 
tion were measured from the lateral fluoroscopic pro- 
jections. We measured the narrowest portion of the 
pharyngoesophageal junction between the level of 
the true vocal cords and the most proximal part of 
the esophagus. Upon visual inspection of slow-mo- 
tion replay of a barium swallow sequence, the maxi- 
mum dimension of the narrowest portion of the pha- 
ryngoesophageal junction was measured. 


The computer system for analyzing the manomet- 
ric data consisted of a 386 IBM PC—compatible com- 
puter operating at 33 MHz. This system drives ana- 
log-to-digital (A-D) conversion hardware and soft- 
ware (DATAQ Instruments Inc, Toledo, Ohio). The 
A-D program called CODAS is a menu-driven cap- 
ture and analysis package that allows for the asyn- 
chronous concurrent capture of up to 16 channels of 
data. The maximum sampling frequency of the sys- 
tem is 50 kHz, which exceeds the frequency require- 
ments for sampling pharyngeal-UES pressure activi- 
ties. The A-D conversion hardware and CODAS soft- 
ware allowed for capture and analysis of the 6-chan- 
nel pressure transducer signals at sampling frequen- 
cies higher than the limitations of the polygraph re- 
cording pens (30 Hz, user’s manual, Sensormedics, 
Inc), as well as analysis of the captured manometric 
data in time scales unattainable in a conventional 
polygraph paper-and-pen recording. 


For determination of UES anteroposterior and lat- 
eral diameters, videofluoroscopy was performed con- 
currently with manometry. To record the anteropos- 
terior diameter of the UES, subjects sat in a chair 
positioned laterally to the image intensifier. The sub- 
jects were instructed to hold their heads in a neutral 


position. Subsequently, subjects were turned 90° and 
anteroposterior recordings were obtained for deter- 
mination of UES lateral diameter. Videofluoroscopic 
recordings were obtained at 90 kiloelectron volts with 
a 9-inich image intensifier and appropriate collima- 
tion so that an image was obtained of the posterior 
mouth, pharynx, and pharyngoesophageal region. 
Five-milliliter and 10-mL liquid barium boluses (EZ- 
HD, viscosity 300 centipoise, density 1.88 g/mL; EZ- 
EM Inc, Westbury, NY) were tested. Each volume 
was tested 3 times for each projection. Fluoroscopic 
images were recorded on a Super VHS video cas- 
sette recorder (Panasonic AG-1960 Proline, Tokyo, 
Japan), which recorded 30 frames per 60 fields per 
second. The manometric and fluoroscopic recordings 
were synchronized with a specially designed timer 
(Thalner Electronics, Ann Arbor, Mich). This timer, 
the video recorder, and the polygraph were electric- 
ally connected. The timer generates 2 simultaneous 
signals. One signal provided a video-displayed time 
signal in hundredths of a second on the fluoroscopic 
images, and the other signal generated a 1-Hz, 5-V 
amplitude timing pulse that was recorded on the chart 
paper used for manometric recording. The chart pa- 
per was run at a speed of 50 mm/s; thus, each milli- 
meter distance on the paper represented 20 millisec- 
onds (ms). 


The computer analysis system used for analyzing 
the videofluoroscopic data consisted of a 486 IBM— 
compatible computer operating at 33 MHz. The com- 
puter system drives an A-D conversion board and 
program specifically designed for image capture and 
analysis. The image analysis and capture software 
(JAVA, Jandel Scientific, San Mateo, Calif) allows 
capture of standard raster scan video images and mor- 
phological analysis of digitized image data. The digi- 
tized images are stored as computer files for any sub- 


sequent recall or analysis. 


All videoradiographic data were analyzed indepen- 
dently by 3 separate observers. Two observers (Kern 
and Bardan) also participated in performing the stud- 
ies and were not completely blinded to age group 
nor tested bolus volume. The third observer who an- 
alyzed the radiographic images was blinded to both 
age groups and tested bolus volumes. Interobserver 
variability was tested by statistically comparing the 
findings of the 3 observers. 


By means of these techniques, for each swallowed 
bolus the following were determined: 1) maximum 
anteroposterior diameter of the narrowest area of UES 
opening, 2) maximum lateral diameter of the narrow- 
est area of UES opening, 3) total duration of UES 
anteroposterior opening measured from the onset of 
its opening, seen by fluoroscopy and heralded by the 


984 | Kern et al, Aging & Upper Esophageal Sphincter Opening 


entry of the bolus head to its return to resting closed 
state following the passage of the tail of the swal- 
lowed bolus, 4) time from the onset of UES antero- 
posterior opening to its maximum opening, 5) dura- 
tion that the UES (anteroposterior projection) re- 
mained maximally opened, 6) time from the onset of 
UES closure to its complete closure, 7) hypopharyn- 
geal intrabolus pressure at the time of maximum UES 
opening at the site immediately proximal to the UES, 
and 8) maximum superior and anterior excursions 
of the hyoid bone and the larynx from their resting 
positions. Distance measurements were corrected for 
magnification inherent to videofluoroscopy by us- 
ing the known distance (3 cm) between the manomet- 
ric recording sites on each catheter assembly. 


Statistical analysis was done by 2-way ANOVA. 
Data in the text are presented as mean +£ standard 
error of the mean unless stated otherwise. 


RESULTS 


Videofluoroscopic Findings. The videofluoroscop- 
ic recordings were analyzed in real time, in slow mo- 
tion, and frame-by-frame to evaluate the deglutitive 
UES maximum opening and laryngeal and hyoid 
bone maximum excursions. No significant interob- 
server variability was found among the 3 observers. 


Deglutitive UES performance was evaluated for 
dimension and duration of opening. Within-group 
comparison for the effect of bolus volume on UES 
opening showed that in both young and elderly, maxi- 
mum UES anteroposterior diameters for 10-mL ba- 
rium swallows (13.7 + 0.6 and 13.0 + 0.4 mm, re- 
spectively) were significantly larger than those for 
5-mL barium swallows (12.6 + 0.6 and 11.0 + 0.4 
mm, respectively; p < .05). Among both young and 
elderly, there was, however, no volume effect on the 
lateral UES diameter. 


Between-group comparison showed that the maxi- 
mum anteroposterior diameter of the UES opening 
during 5-mL barium swallows in the elderly (11.0 + 
0.4 mm) was significantly smaller than that in the 
young (12.6 + 0.6 mm; p < .05). For 10-mL boluses, 
although UES opening in the elderly was smaller on 
the average compared to that in the young (13.0 + 
0.4 and 13.7 + 0.6 mm, respectively), the difference 
did not reach statistical significance. The maximum 
lateral UES diameters for 5- and 10-mL boluses in 
the elderly (21 + 4 and 22 + 5 mm, respectively) 
were similar to those in the young (20 £5 and 21 +4 
mm, respectively). 


Within-group comparison showed that the total du- 
rations of UES opening, measured from the time of 
entry of the bolus head into the upper margin of the 
UES to the time of exit of the bolus tail from this 


region, for 5- and 10-mL barium boluses were simi- 
lar in both young (571 +8 and 580 £9 ms, respective- 
ly) and elderly (612 + 9 and 631 +9 ms, respective- 
ly). 


Between-group comparison showed that the total 
duration of UES opening in the elderly was signifi- 
cantly longer than that in the young for both 5-mL 
(612 + 9 and 571 +8 ms, respectively; p < .05) and 
10-mL (631 + 9 and 580 + 9 ms, respectively; p < 
.05) boluses (Fig 1). 


The total duration of UES opening comprised 3 
distinct intervals: 1) onset of opening to maximum 
opening, 2) maximum opening to onset of closure, 
and 3) onset of closure to complete closure. The time 
interval between the onset of maximum UES open- 
ing and the onset of the decrease in its diameter to- 
ward closure in the elderly was significantly longer 
than that in the young for both 5-mL (166 + 14 and 
128 + 12 ms, respectively; p < .05) and 10-mL (155 
+ 15 and 124 + 12 ms, respectively; p < .05) swal- 
lows (Fig 1). 


The intervals between the onset of opening and 
maximum UES opening, as well as the intervals be- 
tween onset of UES closure and complete closure, 
were similar between the 2 groups. However, in both 
groups the interval between the onset of UES open- 
ing and maximum opening was significantly shorter 
than the interval between the onset of UES closure 
and complete closure (Fig 1). 


Comparison of normalized data between young 
and elderly also showed that the proportion of time 
spent in maximum UES opening during swallowing 
of 5- and 10-mL barium boluses for the elderly (27% 
+ 2% and 26% + 3% of the total UES opening dura- 
tion, respectively) was significantly longer than that 
for the young (22% + 2% and 22% + 2%, respec- 
tively; p < .05). Again, the time between onset of 
closure and complete closure in both groups was sig- 
nificantly longer than the time between onset of open- 
ing and maximum opening and comprised the larg- 
est percentage of the UES opening interval during 
transsphincteric flow (Fig 2), but like the interval 
between onset of opening and maximum opening, 
was similar between the 2 groups. 


Within-group comparison showed that the maxi- 
mum deglutitive anterior excursions of the hyoid and 
larynx for both 5- and 10-mL boluses were similar 
in the young group. In the elderly group, the maxi- 
mum anterior excursion of the hyoid during swallow- 
ing of 10-mL boluses was significantly larger than 
that for 5-mL boluses (18.8 + 1.7 and 15.0 + 1.3 mm, 
respectively; p < .05; Fig 3). A similar difference was 
found for laryngeal anterior excursion for 5- and 10- 
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Fig 1. Schematic representation of timing 
of various stages of upper esophageal 
sphincter (UES) opening during swallow- 
ing of 5-mL and 10-mL barium boluses in 
A) young and B) elderly. Values for 5-mL 
swallows are shown above arrow represent- 
ing various stages. Values for 10 mL are 
bracketed and shown below arrows. * — 
between-group comparison of interval be- 
tween onset of maximum opening and on- 
set of closure (p < .05). A — within-group 
comparison of interval between onset of 
opening and maximum opening versus in- 
terval between onset of closure and com- 
plete closure (p < .05). 


mL boluses in the elderly (10.6 + 0.6 and 12.3 + 0.6 
mm, respectively; p < .05). In both young and elder- 
ly groups, the maximum superior excursions of the 
hyoid bone and larynx did not differ for 5- and 10- 


mL swallows. 
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Between-group comparison showed that the aver- 
age maximum anterior excursions of the hyoid and 
larynx for 5-mL barium boluses in the elderly (15.0 
+ 1.3 and 10.6 + 0.4 mm, respectively) were signifi- 
cantly smaller than those in the young subjects (20.7 


WMH young 
CT eldedy 
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Fig 2. Comparison of normalized data of stages of UES opening duration between young and elderly during swallowing of A) 
5-mL and B} 10-mL barium boluses. Stage I — interval between onset of UES opening and maximum opening; stage H — 
duration that VES remained maximally open; stage III — interval between onset of UES closure and its return to complete 
closure. As seen, for both 5-mL and 10-mL swallows, duration of stage II in elderly was significantly longer than that in young 


(* — p < .05). 
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Fig 3. Comparison of maximum anterior and superior hyoid bone and laryngeal excursions during swallowing of A) 5-mL and 
B) 10-mL barium boluses. For 5-mL barium swallows, maximum anterior excursions of both larynx and hyoid bone were 
significantly smaller in elderly than in young (* — p < .05). During 10-mL barium swallows, these differences did not reach 
Statistical significance. For both 5- and 10-mL barium swallows, superior excursions of larynx and hyoid bone were similar for 


young and elderly. 


+ 1.2 and 14.0 + 0.8 mm, respectively; p < .05). For 
10-mL boluses, however, the differences did not 
reach statistical significance (Fig 3). The superior 
excursions of the hyoid and larynx for both 5 mL 
and 10 mL were similar in both groups (Fig 3). No 
gender differences were found in any of the videoflu- 
oroscopic measurements for either group. 


Manometric Findings. Hypopharyngeal intrabolus 
pressure was evaluated at the time of maximum UES 
opening seen in anteroposterior projection. Within- 
group comparison showed that in both young and 
elderly, the intrabolus hypopharyngeal pressure dur- 
ing swallowing of 10-mL barium boluses was signif- 
icantly higher than that of 5-mL boluses (p < .05). 
Between-group comparison showed that for both 5- 
and 10-mL barium swallows the hypopharyngeal in- 
trabolus pressures in the elderly (14.0 + 1.5 and 19.5 
+2.0 mm Hg, respectively) were significantly higher 
than those of the young (7.2 + 0.8 and 12.1+£0.9mm 
Hg, respectively; p < .05). There were no gender dif- 
ferences found in the manometric measurements for 
either group. 

DISCUSSION 


In this study, the temporal and dimensional charac- 
teristics of UES opening during deglutitive trans- 
sphincteric flow and associated deglutitive biome- 
chanical events in a group of healthy elderly were 
determined and compared to similar measurements 
in a group of healthy young. Study findings indicate 
that deglutitive UES opening and its associated bio- 
mechanical events are significantly different in 
healthy asymptomatic elderly compared to the young. 


Opening of the UES during swallowing is the re- 


sult of the combined effects of relaxation of the cri- 
copharyngeus muscle (the main component of the 
UES), traction forces imparted upon this muscle by 
contraction of the thyrohyoid and suprahyoid muscle 
groups, and the compliance of the muscular compo- 
nents of the UES.*3:/-9.13.14 Abnormalities of 1 or 
more of these components may result in reduction in 
UES opening during swallowing and cause incom- 
plete pharyngeal volume clearance and aspiration. 


A significant decrease in the maximum cross-sec- 
tional area of UES opening during swallowing in a 
group of healthy elderly volunteers has been reported 
previously. In that report, the reduction in UES open- 
ing in the elderly was found to be due to a smaller 
transverse sphincter diameter and was attributed to 
an age-related decrease in sphincter compliance. The 
present study differs from the above-mentioned re- 
port in documenting a significantly smaller antero- 
posterior diameter of the UES maximum opening in 
the elderly compared to the young, with no signifi- 
cant difference in lateral diameter when comparing 
young to elderly. These findings, along with our find- 
ings of a reduced anterior excursion of the hyoid bone 
and larynx, suggest that suboptimal function of the 
UES opening muscles, in addition to a possible re- 
duction in sphincter compliance, are significant com- 
ponents of altered UES opening in the elderly and 
indicate that abnormalities of the UES opening are 
multifactorial. 


Similar to what occurs with aging in other striated 
muscle groups, an age-induced deterioration of the 
UES opening muscles may result in suboptimal func- 
tion of these muscles during swallowing. In a recent 
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Fig 4. Correlation between A,B) geniohyoid or C,D) geniothyroid resting distance (measure of subject size) and maximum 
deglutitive anterior A,B) hyoid bone excursion and C,D) laryngeal excursion during swallowing of 5-mL and 10-mL barium 
boluses. No significant correlation exists for either geniohyoid or geniothyroid resting distance and maximum anterior excur- 
sion of hyoid and larynx. A,C) Young subjects. B,D) Elderly subjects. 


report, the UES anteroposterior diameter was in- 
creased by an isotonic-isometric neck exercise!> 
aimed at strengthening these muscle groups,!© and 
_ this outcome supports the notion of suboptimal UES 
opening muscle function contributing to the smaller 
UES opening in the elderly. 


In both young and elderly groups of the present 
study, swallowing a larger volume significantly in- 
creased the anteroposterior diameter of the UES. The 
positive effect of increasing volumes of swallowed 
boluses on the UES opening has been reported pre- 
viously.*+8.° These studies of generally young volun- 
teers and with testing of a full range of 2- to 20-mL 
volumes have shown a positive correlation between 


bolus volume and UES opening. The present study, 
in addition to corroborating these findings, shows 
that this positive modulatory effect is preserved in 
the elderly. In regard to the finding that the anteropos- 
terior diameter of the UES for 10-mL swallows in 
the elderly was similar to that of the young, one may 
consider the above-mentioned modulatory mecha- 
nism to be stimulated in the elderly by swallowing 
of a larger volume, enhancing the contractile activi- 
ties of the UES opening muscle and resulting in an 
increased distraction and increased opening of the 
UES. This notion is supported by our finding that 
anterior excursion of both the hyoid and larynx was 
increased significantly by swallowing of 10-mL bo- 
luses compared to 5-mL boluses in the elderly... 
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Absolute differences in distance measurements of 
the hyoid and larynx for between-group comparisons 
of anterosuperior excursion can potentially be mis- 
leading, due to the possibility of physical scale varia- 
bility; that is, larger subjects may have the capability 
of larger hyoid or laryngeal excursion and vice versa. 
To address this issue, we normalized hyoid and laryn- 
geal excursion in terms of the percent change from a 
characteristic length parameter indicative of the size 
of the subject’s head. For hyoid excursion, we mea- 
sured the distance from the anteroinferior corner of 
the hyoid bone to the posterior-inferior margin of 
the symphysis menti, as others have reported.* This 
distance represents the approximate length of the ge- 
niohyoid muscle. By measuring the geniohyoid length 
at rest and the geniohyoid length at the time of maxi- 
mum hyoid anterosuperior excursion, a normalized 
value for percent change in deglutitive geniohyoid 
length is calculated as the ratio of geniohyoid length 
at maximum hyoid excursion to geniohyoid length 
at rest. Similarly, the characteristic length for laryn- 
geal excursion was measured as the distance from 
the anterior-superior corner of the air column to the 
posterior-inferior margin of the symphysis ment, the 
geniothyroid distance. A comparison of resting ge- 
niohyoid length to maximum anterior hyoid excur- 
sion and geniothyroid distance to maximum anterior 
laryngeal excursion (Fig 4) shows that there is no 
significant correlation between the magnitude of an- 
terior excursion of the hyoid or larynx and the size 
of the subject as characterized by the geniohyoid and 
geniothyroid lengths. 


Previous studies have reported a significant de- 
crease in UES cross-sectional area when comparing 
young to elderly subjects.? In these studies, as well 
as the present, the lateral and anteroposterior dimen- 
sions were measured for different swallows. Since 
the lateral and anteroposterior dimensions were not 
measured concurrently, only an estimate of cross- 
sectional area can be made from averaged data for 
each subject. Because of our inability to directly ob- 
serve concurrently the lateral and anteroposterior di- 
mensions of the UES, we chose not to report as “re- 
sults” any findings on cross-sectional area. Estimates 
of cross-sectional area calculated from average lateral 
and average anteroposterior dimensions yield areas 
similar to those previously reported.* In our study, 
the significantly smaller area for the elderly com- 
pared to the young is attributable to decreased antero- 
posterior UES diameter, whereas previous studies at- 
tributed the decrease to changes in the lateral UES 
dimension. 


Duration of UES opening during swallowing of 


various boluses has been studied previously, and the 
existence of a positive volume effect has been report- 


ed*.8.9.17; however, a similar effect was not found in 
the current study. This discrepancy could be due to 
the differences in the range of tested volumes, since 
only 5 and 10 mL were tested in the present study, 
and not a full range of 2- to 20-mL boluses, as used 
in the above-mentioned studies. 


A significant increase in bolus transit time through 
the UES in the elderly has been previously reported. 
Our study corroborates this finding. In addition, when 
the duration of UES opening was further divided into 
its 3 components, namely, interval from onset of 
opening to maximum opening, duration of maximum 
opening, and interval from onset of closure to com- 
plete closure, it was the duration of maximum open- 
ing in the elderly that was found to be significantly 
longer compared to that of the young for swallows 
of 5 and 10 mL. In contrast, the other 2 components, 
namely, the intervals toward maximum opening and 
toward closure, were similar between the 2 groups. 


The finding in the present study of a significantly 
higher hypopharyngeal intrabolus pressure in the el- 
derly compared to the young is in concordance with 
previous reports. !? Since previous studies have docu- 
mented the existence of a positive relationship be- 
tween resistance to flow and intrabolus pressure, !8!9 
this finding is believed to be caused by reduced UES 
opening and represents a pharyngeal outflow com- 
promise in this age group. The fact that none of these 
studied subjects had pharyngeal phase dysphagia or 
hypopharyngeal residue suggests that the above-men- 
tioned outflow compromise has been overcome by 
compensating mechanisms such as the hypopharyn- 
geal peristaltic pressure wave with higher amplitude 
and longer duration that has been reported in the el- 
derly compared to the young,! as well as the increased 
intrabolus pressure and longer duration of UES open- 
ing in the elderly compared to the young. 


In summary, the anteroposterior diameter of deglu- 
titive UES opening in the elderly is significantly 
smaller than that of the young. This smaller UES an- 
teroposterior diameter is associated with a reduced 
deglutitive anterior excursion of the larynx and the 
hyoid bone, suggesting smaller distracting forces im- 
parted by the elderly UES opening muscles on the 
hyoid bone and larynx. In asymptomatic elderly, the 
resistive effect of this decrease in UES opening on 
transsphincteric flow is overcome by an increase in 
hypopharyngeal intrabolus pressure and longer dura- 
tion of maximum UES opening. The positive modula- 
tory effect of swallowed bolus volume on VES open- 
ing, along with the associated hyoid-thyroid anteri- 
or excursion, is preserved in the elderly and may be 
responsible for the similarity of UES diameter, as well 
as hyoid-thyroid anterior excursion, between young 
and elderly during swallowing of larger volumes. 
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PSYCHOSOCIAL ADJUSTMENT AFTER LARYNGEAL CANCER 
SURGERY 
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The objective of the study was to assess the psychosocial adjustment of 111 patients, and 87 partners, after laryngeal cancer 
surgery. Sixty-nine patients were grouped as having had radical surgery (total or near-total laryngectomy), and 30 as having had 
functional surgery (horizontal supraglottic laryngectomy or cordectomy). The Psychosocial Adjustment to Illness Scale Self Report 
questionnaire was used as the primary outcome. No significant differences were found between groups when global adjustment or 
domain adjustment was compared. Patient and partner responses were almost identical. Work and family relationships were the 
domains with poorest adjustment for both patients and partners. Information about treatment expectations was negatively rated by 
functional surgery patients, especially by those who underwent a cordectomy. We conclude that patient perspectives should be 
considered and consulted to 1) evaluate patient opinion about treatment results, 2) identify patients with special support needs, and 3) 
inform patients according to other patients’ priorities, based on their experience. 


KEY WORDS — laryngeal neoplasm, quality of life, speech, surgery. 


INTRODUCTION 


A permanent tracheal stoma and loss of speech 
are considered the key sequelae after surgery for can- 
cer of the larynx. Laser, radiotherapy, organ preser- 
vation programs, and radical surgery are available 
options for laryngeal cancer treatment with different 
expectations and consequences. Most studies con- 
sider survival and disease control as the end points 
of their clinical trials, without providing analysis 
about the patient’s opinion regarding morbidity and 
the achievement of posttreatment expectations. Se- 
lection of treatment involves a trade-off between sur- 
vival and morbidity; these trade-offs are made by 
the patient and the physician according to the infor- 
mation given by the latter about treatment options 
and consequences. This information is usually based 
more on the physician’s opinion about sequelae than 
on real data coming from patients, although patients 
are better qualified to inform about their treatment 
morbidity and outcomes. Quality-of-life studies can 
give us a better idea and understanding of what pa- 
tients consider to be their problems and priorities after 
treatment. 


Relatively little is known about the adaptation of 
patients after treatment, and how the presence of se- 
quelae impacts the different aspects of a patient’s per- 
sonal and family life. Although the concept of qual- 
ity of life is easily understood, its definition and eval- 
uation tools are not familiar outside the behavioral 
science area. Evaluation of quality of life in head 
and neck cancer is especially important, since the 
treatment sequelae impact directly on basic daily 


functions (breathing, swallowing, speaking, external 
appearance). There is a critical need for quality-of- 
life studies in the head and neck cancer area, in which 
different treatment options carry very different con- 
sequences.! Different tools have been used in the 
analysis of quality of life.2-> The need for a standard- 
ized quality-of-life assessment tool is evident, in or- 
der to compare results between different institutions 
and studies.6-8 Since multidimensionality and subjec- 
tivity are the 2 main characteristics of quality of life, 
measurement tools should cover a broad range of con- 
tent, including physical, emotional, and social well- 
being.? These measurement tools should focus on all 
areas of life, not just those directly related to the sur- 
gical sequelae, and should reflect the patient’s opin- 
ions. 


The purpose of this study was to evaluate the im- 
pact of surgical sequelae after laryngeal cancer treat- 
ment on the psychosocial adjustment of the patient 
and his or her family, and to compare psychosocial 
adjustment according to different surgical operations. 
Never before has a study of these characteristics been 
performed in our country, and no objective informa- 
tion regarding our cultural environment was avail- 
able. The only way to compare results between stud- 
ies is by using the same or comparable standardized 
instruments. This process will generate a pool of data | 
that can be used for comparisons between different 
patient groups with different languages and cultures, 
an important reference due to the subjectivity of qual- 
ity of life and the potential influence of specific cul- 
tural settings. 


From the Department of Otorhinolaryngology, Hospital Juan Canalejo, La Corufia (Herranz), and the Department of Otorhinolaryngology, 


Hospital La Paz, Madrid (Gavilan), Spain. 
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MATERIALS AND METHODS 


Study Sample. A questionnaire was administered 
to patients surgically treated for laryngeal cancer at 
the Department of Otorhinolaryngology of the Juan 
Canalejo Hospital (La Corufia, in northwest Spain). 
Fifty questionnaires were given to patients during 
routine control visits to the hospital, and 150 ques- 
tionnaires were sent by mail to patients who had sur- 
gery for laryngeal cancer at Juan Canalejo Hospital. 
Appropriate consent was obtained from patients and 
partners who were informed, at the hospital or by 
telephone, of the aim of the study, and assured of the 
confidentiality of data and the voluntary character 
of the study. Instructions were given to answer ques- 
tions with reference to the 4 weeks prior to comple- 
tion of the questionnaire. Data were collected be- 
tween March and December 1996. There was no age 
or diagnosis limitation in patient selection. Follow- 
up ranged from 8 to 201 months, with an average of 
64 months, with 65% of the patients followed more 
than 36 months. One hundred eleven patients (55%; 
111/200), surgically treated for carcinoma of the lar- 
yox or hypopharynx, and 87 partners answered the 
questionnaire. Seventy percent (35/50) of the ques- 
tionnaires given at the control visit were answered, 
and 50.6% (76/150) of those sent by mail. 


_ Patients were divided into 2 different groups. 


1. Radical surgery: patients who underwent total 
laryngectomy (TL; 62% or 69/111) or near-total lar- 
yngectomy (NT; 11% or 12/111). 


2. Functional surgery: patients who underwent a 
horizontal supraglottic laryngectomy (SG; 17% or 
19/111) or acordectomy (C; 10% or 11/111). No pa- 
tient in this group had, at the time of the study, a 
nasogastric or gastrostomy feeding tube, and all had 
their stomas closed. 


Partners were divided into the same groups. 


1. Radical surgery: partners of patients who under- 
went TL (64% or 56/87) or NT (12% or 10/87). 


2. Functional surgery: partners of patients who un- 
derwent SG (16% or 14/87) or C (8% or 7/87). 


The mean age of the patient group was 61.6 years 
(range 36 to 84), and 99% (110/111) were male. The 
partners’ mean age was 60 years (range 28 to 81), 
and all were female. 


Instrument. Data were collected through the Span- 
ish version of the Psychosocial Adjustment to Ill- 
ness Scale Self Report (PAIS-SR) questionnaire>:!° 
and through the Mayo Clinic Postlaryngectomy Ques- 
tionnaire!! (MCPLQ), translated by the senior au- 
thor (J.H.). The Spanish version of the PAIS-SR is a 
validated 45-item scale, involving 7 dimensions of 


adjustment to illness: health beliefs and patient sat- 
isfaction (8 items), vocational (6 items), domestic (8 
items), social functioning (6 items), sexual relation- 
ships (6 items), extended family relationship (5 
items), and psychological distress (7 items). Items 
are rated on a 4-point scale of increasing impact of 
their illness on adaptation, ranging from 0 to 3. On 
the PAIS-SR, scale direction 1s altered on every other 
item to help reduce position response biases. 


The 7 primary PAIS-SR domains were developed 
through a combination of rational-deductive and em- 
pirical-analytic procedures. The domain constructs 
have been repeatedly identified as having high pre- 
dictive relevance and clinical utility concerning ad- 
justment to illness. The sum of each item in each 
domain will give the domain score. The 7 domain 
scores of the PAIS-SR are summed to generate a PAIS 
total adjustment score. A respondent’s PAIS-SR raw 
dimension and total adjustment scores are trans- 
formed into specific values, designated T scores, 
through the use of a PAIS normative library and scor- 
ing procedure.!° This transformation will give the 
value of the T score by domain, and the transforma- 
tion of the total adjustment score the value of global 
T score. Because domain T scores represent a “nor- 
malizing” transformation, PAIS-SR norms provide 
a true actuarial assessment of the respondent’s sta- 
tus. 10 


The PAIS is not specific for head and neck cancer, 
and results are referenced to a control group of 114 
patients with different types of cancer, D This com- 
parison group included patients with lung and breast 
cancer, lymphoma (Hodgkin’s, non-Hodgkin’s, and 
leukemia), and neoplasms of the head and neck other 
than the larynx. The mean age is 53.1 years, 64% 
were male, 79% were married, 4% were single, and 
17% were divorced. Most patients were treated with 
surgery and/or chemotherapy. Around 55% of the pa- 
tients had had metastases at the time of PAIS-SR 
completion. A T score of 50 is the reference value 
for the control group; if, in a specific domain, pa- 
tients with laryngeal cancer have a T score of 50, 
adjustment is similar to that of the comparison group. 
AT score higher than 50 reflects an adjustment worse 
than that of the comparison group. In the head and 
neck, the PAIS-SR has previously been used in qual- 
ity-of-life studies in laryngeal cancer patients and 
maxillectomy patients.8-11.12 


The MCPLQ!! is a detailed questionnaire designed 
by Daniel Rohe and Robert L. Keith, from the Di- 
vision of Psychology and the Section of Medical 
Speech Pathology, respectively, from the Mayo Clinic 
and Mayo Foundation. It comprises 48 questions that 
provide medical and demographic data; methods used 
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Reference 
group 





Fig |. Mean and range global T score by type of surgery 
performed. Reference group score is 50. TL — total lar- 
yngectomy; NT — near-total laryngectomy; SG — su- 
praglotttic laryngectomy; C — cordectomy. 


to cope with disability; perception of the treatment 


process; feelings about the preparation received for 


treatment; and perceptions of speech quality, swal- 
lowing, and overall adjustment to surgical treatment. 


Statistical Procedures. The mean scores were cal- 
culated for all items and scales. Differences between 
the means were calculated with the ¢-test for nonpara- 
metric samples. Data were analyzed with Stat-View 
4.01 (non-FPU) software from Abacus Concepts Inc 
with an Apple Macintosh LC. 


RESULTS 

The global T score for the patient groups showed 
no differences, with scores of 56.44 for the functional 
group and 56.92 for the radical group. Both groups 
had an adaptation worse than that of the reference 
cancer patients group, whose reference T score is 50. 
No significant differences were found when global 
adaptation was compared by surgical technique (Fig 
1). Adaptation was almost identical in all PAIS do- 
mains in both groups of patients (Fig 2510), with a 
slightly better but not significantly different adapta- 
tion for the functional group in the domains health, 
work, spouse, family, and psychological. Similar re- 
sults were found when comparing patients and spouses 
as a group (Fig 3) or by specific operation performed 
(Table 1510), 

The worst psychosocial adaptation was found in 
the domains of social activities and work, and this 


mb Functional 


—e— Radical 


finding was consistent in patient and spouse groups, 
independent of type of surgery (Figs 2 and 3). Forty- 
three percent of patients in the radical group and 25% 
in the functional group have important problems or 
are unable to maintain the work they were doing be- 
fore surgery (Fig 4). When asked how they physically 
perform their job or daily activities, 45% of the radi- 
cal group and 40% of the functional group answered 
not very well or poorly (Fig 5). Statistically signifi- 
cant differences were found in the work and psycho- 
logical distress domains when comparing patients 
who went back to work after surgery versus those 
who did not (Fig 6). Those not going back to work 
after surgery have a worse adaptation in both do- 
mains. 


Assessment of the changes in family relationships 
as a result of treatment shows a difference in patient 
and spouse groups, for both types of surgery, when 
compared with the reference group, with almost no 
dispersion of data (Figs 2 and 3). The reason for this 
bad adjustment is the lack of help from the close fam- 
ily that the patients seem to have. Around 85% of 
patients and spouses show no changes in regard to 
maintaining family relationships, but 96% of patients 
and 91% of spouses answer they receive not enough 
help or no help from family members even though 
they perceived a great need for it (Fig 7). This led to 
a decrease in interest in family relationships in 86% 
of the patients and 96% of the spouses. 


Better psychological adjustment in social activi- 
ties was found in the patient group as compared with 
the control group. Patients maintain the same inter- 
est in leisure activities as before surgery in 90% of 
the cases, and spouses in 87%. Patients undergoing 
radical surgery show no desire for recreation and so- 
cial activities at a rate of 12.2%, versus 3.4% of the 
functional group. This difference is not found be- 
tween spouses, being 13.5% for the radical group 
and 10% for the functional group. 


Adaptation in the sexual domain is very similar to 
that of the reference group. Only 5% of the patients 
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Fig 2. Patient domain T score profile for 
functional and radical surgery. Reference 
group score is 50. PAIS — Psychosocial 
Adjustment to Ulness Scale 711 
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—e— Spouse —%— Patient 


Fig 3. Domain T score profile for spouse and 
patient. Reference group score is 50. 


Mean T Score 


Health 


refer to an important change in their sexual life. Al- 
though no statistical differences were found, patients 
and spouses in the functional surgery group indicate 
a worse sexual adaptation than the radical surgery 
group in all sexual areas explored (Table 2). 


Patients indicate an increase in anxiety and stress 
in 65% of the cases, although only 20% of patients 
identify it as quite a bit or extremely increased. This 
feeling is higher in the spouse group, in which 78% 
experience an increase in anxiety, with 30% report- 
ing this increase as moderate or extreme. This same 
picture is found for temper control, depression, feel- 
ings of guilt, self-respect, and appearance. Spouses 
show a worse adaptation than patients in all domains, 
and no differences were found between different sur- 


gery groups. 


When patients were asked about the information 
given to them about their tumor, 23.5% (26/111) felt 
it was deficient and would like to have had more 
details. Information about treatment and posttreat- 
ment expectations was poorly rated by 16% of pa- 
tients, with 7% of the patients saying that treatment 
was worse than the illness, and that they were not 
sure it was worthwhile being treated (Fig 8). 


DISCUSSION 


Options for treatment of laryngeal cancer include 
therapies that may heavily disrupt patient basic func- 
tions (eating, speaking, breathing, swallowing) and 
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Reference 
group 





Family Social 
PAIS Domains 


Psychol 


compromise a wide range of work, psychological, 
social, and familial activities. Quality of life is often 
referred to as an element to be considered in the de- 
cision-making for treatment selection. Although the 
term is frequently used, it is seldom defined and mea- 
sured.!3 Physicians may have an idea of what treat- 
ment and its sequelae may be, but health care pro- 
fessionals’ impressions regarding treatment and ill- 
ness do not fully correlate with patient priorities.14-15 
For this reason, the patient perspective should always 
be considered when evaluating results of clinical 
treatment. 


Survival and locoregional control are frequent end 
points of clinical research trials. We feel these end 
points should be interpreted in the light of quality- 
of-life data. This would give us an idea whether pa- 
tients feel that prolongation of survival is worth the 
treatment and its sequelae, and to what extent pre- 
treatment expectations were achieved. The alterna- 
tive may be good medical results but an unsatisfac- 
tory patient-based outcome. Quality of life can only 
be described by the individual, and must take into 
account many aspects of Die Ip 


In our study, a permanent stoma and loss of speech 
are not the critical factors that determine quality of 
life in patients after surgery for laryngeal cancer. No 
significant differences were found between patients 
with a permanent stoma and alaryngeal speech ver- 
sus patients without these sequelae. The validity of 


TABLE 1. COMPARISON OF T SCORES BY PAIS DOMAIN OF PATIENTS AND SPOUSES ACCORDING TO 


SURGERY PERFORMED 
TL NT SG C 
Domain P A P A P S P A 
I $3.91 53.69 49.83 50.00 50.00 49.70 56.45 56.28 
H 60.18 56.42 60.75 55.90 58.66 57.28 59.18 54.42 
DI 50.42 Sek 45.58 45.20 49.77 50.28 45.45 48.71 
IV 48.74 49.00 48.00 52.70 49.00 48.42 52.90 51.71 
V 70.77 70.62 70.58 70.30 70.77 70.35 70.81 70.71 
VI `- 46.54 43.44 45.50 47.60 41.50 43.85 46.90 37.85 
VI 51.47 53.21 53.33 58.00 S277 57.64 53.90: 58.14 


PAIS — Psychosocial Adjustment to Illness Scale (see references 5 and 10 for definition of domains); TL — total laryngectomy; NT — near- 
total laryngectomy; SG — supraglottic laryngectomy; C — cordectomy; P — patients; S —- spouses. 
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E No problems 


We Major problems 


Si Minor problems fm Unabie 





TL NT SG C 


Fig 4. Work problems by type of surgery performed. (Com- 
puter program indicates zero value by “0E.”) 


these data is supported by the conformity with the 
spouse answers. These results agree with other stud- 
ies on quality of life in laryngeal cancer.!®°° How- 
ever, in the studies of DeSanto et al,°!! done with a 
similar patient sample and the same measurement 
tools, patients undergoing conservation surgery have 
a significantly better adjustment than patients with 
total or near-total surgery. The main differences in 
the sample groups are that only | of our patients was 
female, and none of our patients underwent surgery 
after irradiation failure. Different populations, differ- 
ent cultural and socioeconomic characteristics, and 
different availability of health care all influence treat- 
ment planning and outcome. There is no doubt that a 
permanent stoma and alaryngeal speech are serious 
disabilities, but to what extent this affects patient gen- 
eral and psychological well-being needs a different 
interpretation. Functional restrictions do not neces- 
sarily have a negative impact on quality of life.2° Sev- 
enty-five percent of patients in this study had had 
their laryngectomy more than 3 years earlier, so most 
patients had time for coping and adjustment. Longi- 
tudinal studies show that time is an important factor 
in patients’ recovery.?© Patients may learn to cope with 
treatment sequelae to the extent that they do not in- 
terfere with life satisfaction. 

An interesting finding 1s that patients undergoing 
cordectomy had no better adjustment than patients 
with more aggressive therapy, and had the worst ad- 
justment in the health domain. This might be due to 
the fact that patient expectations are not achieved 
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Fig 5. Physical capacity for work by type of surgery per- 
formed. 


after treatment. Patients with early-stage glottic car- 
cinoma are informed that the disease is curable in a 
high proportion of cases, with the only negative im- 
pact being on voice quality. In our study, almost half 
of the patients undergoing a cordectomy rated treat- 
ment information and treatment preparation as bad 
or deficient. On the other hand, one third of patients 
undergoing a radical operation rated the information 
about treatment and treatment preparation as bad or 
deficient. As a result of this study, it is obvious that 
we must reconsider the information given to patients 
undergoing partial laryngectomy at our institution. 
Probably, we underestimated the morbidity of cor- 
dectomy, putting more emphasis on the fact that the 
patients were going to avoid a permanent stoma and 
loss of laryngeal voice. Lack of help from the family 
is the most negative and constant complaint from all 
our patients. Social and medical support are impor- 
tant elements in improving patient self-confidence 
and satisfaction. We must realize that patients and 
their families face a new and threatening situation 
when they are informed about cancer and treatment 
morbidity. Adequate information and training, be- 
fore and after treatment, for both the patients and 
close family will reduce anxiety and fears generated 
by this new situation 2h% 


Support is necessary for all patients, and especially 
for those who have tobacco and alcohol habits and 
come from substandard cultural and socioeconomic 
environments. Identification of patients in frail psy- 
chological condition will alert us to the need for 
closer support and counseling to reduce the negative 


Fig 6. Patient domain T score profile for 
working status after surgery. Reference group 


: score Is 50. 
Reference 
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Fig 8, Patient rating of quality of information about treat- 


ig 7. Help received from other family members. Fun — . ‘ S 
"e E SE ment expectations by type of surgery performed. 


functional surgery: rad — Radical surgery. 
home. Pretreatment information should explain to 
patients and families the nature of the disease, treat- 
ment options, and morbidity and how to cope with 
it. This information should be given by support groups 
involving otolaryngologists, nurses, speech thera- 
pists, psychologists, social workers, and volunteer 
patients. In our department it is a priority for the sur- 
geon to conduct a personal interview with each pa- 
tient before surgery. We appreciate that adequate pre- 
treatment and posttreatment information reduces hos- 
pital stay, reduces pain, and increases patient satis- 
faction.**-+6 


impact that cancer diagnosis and treatment has on 
patients. 


About 75% of our patients and partners confirmed 
anxiety and depression as a result of treatment. The 
index of depression is usually higher in the partner 
group.*!22 The spouse is usually the closest avail- 
able assistant to most patients. The lack of adequate 
instruction and information to the family about pos- 
sible complications and how to manage them cre- 
ates a constant state of anxiety, mainly during the 
first months after treatment.?> This anxiety is in- 


creased by the lack of close family support and no Only 27% of patients undergoing cordectomy and 
availability of health providers close to the patient’s 11% of those undergoing a supraglottic laryngectomy 


TABLE 2. CHANGES IN DIFFERENT ASPECTS OF SEXUAL RELATIONSHIP ACCORDING TO SURGERY PERFORMED 


Edel 


Reeg 


Slight Moderate Severe 
Aspect Group No Change Change Change Change 
Interest Patient 
Functional 58.62 20.69 10.34 10.34 
Radical 59.75 24.39 12.19 3.65 
Spouse 
Functional 52.24 17.91 17.9] 11.94 
Radical 55,00 25.00 20.00 G.00 
Activity Patient 
Functional 41.37 34.48 10.34 13.79 
Radical 43.49 40.24 13.41 2.43 
Spouse 
Functional 30.00 45.00 15.00 10.00 
Radical 40.30 40,30 13.43 5.97 
Satisfaction Patient 
Functional 31.72 31.03 3.44 13.79 
Radical 52.43 39.02 3.65 4.87 
Spouse 
Functional 65.00 20.00 10.00 5.00 
Radical 64.18 26.87 2.99 5.97 
Ability Patient 
Functional KS ER 24.13 10.34 10.34 
Radical 51.22 36,58 10.97 KE 
Spouse 
Functional 40.00 40.00 5.00 15.00 
Radical 55,22 34.33 7.46 2.99 


Data are percentages of patients and spouses. 
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went back to work after surgery. Those patients not 
returning to their work report a significantly worse 
adaptation in the work domain, of course, and also 
in the psychological distress domain. Reports from 
Norway and France show an index of patients going 
back to work of between 63% and 50%.°778 In Spain, 
the social security system will pay — for life — a 
salary to those patients undergoing cancer surgery 
who are unable to maintain their work. This situa- 
tion may interfere with patients’ going back to work, 
since no patient experiences an important reduction 
in income or economic problems as a result of treat- 
ment. 


Adjustment in the sexual domain was very simi- 
lar to that of the reference group. Only 5% of pa- 
tients and spouses refer to a major change in the sex- 
ual domain as a result of treatment. Even after ana- 
lyzing each question separately for each group of pa- 
tients and spouses, no significant differences were 
found. A higher proportion of substantial changes 
were found in the patients of DeSanto et al SI Sexual 
counseling should be included in support group ses- 
sions, to help the couple to overcome minor incon- 


veniences and to make them easier and natural to 
talk about. Patients appear to desire information and 
agree to discuss sexual-related problems in a health 
support setting.?? 


CONCLUSION 


Quality-of-life studies illustrate treatment outcome 
from a patient perspective. Data obtained give first- 
hand objective information about the results of ef- 
forts to improve patient quality of life. This informa- 
tion can improve information and training programs, 
for pretreatment and posttreatment counseling, ac- 
cording to patient priorities and demands. Identifi- 
cation of patients with critical personal or family con- 
ditions determines those requiring a closer follow- 
up and support before and after treatment. Support 
group programs must be created, and available in 
the community, to provide the patient and family with 
a close setting in which minor problems and fears 
can be resolved. The utility of these programs should 
be evaluated with further quality-of-life studies to 
confirm that these modifications are cost-effective 
by increasing the quality of life for patients and fami- 
lies. 
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MANAGEMENT OF NO NECK IN T1-T2 UNILATERAL 
SUPRAGLOTTIC CANCER 


ERCIHAN GUNEY, MD 


O. Gazi YiGITBASI, MD 


KAYSERI, TURKEY 


Early-stage supraglottic cancers (stage I and H) are treated with several different programs. Previously reported data have led us 
to design a therapeutic protocol in treatment of patients with early-stage squamous cell carcinoma of the supraglottic larynx. From 
1991 to 1996, 39 patients with unilateral supraglottic carcinoma were treated according to this protocol. All patients underwent 
unilateral functional] neck dissection and resection of the primary carcinoma in an en bloc fashion. Histopathologic studies showed 
that 9 (23%) of them had positive nodes, and they received planned adjuvant radiotherapy. None of the 30 patients with histopatho- 
logically NO necks received either adjuvant irradiation or contralateral neck dissection. The mean follow-up period was 34 months. 
All patients are alive, and none have developed any recurrence in either dissected or undissected sides of the neck. This treatment 
policy seems satisfactory and will avoid unnecessary therapeutic interventions. Routine bilateral neck dissection may not be neces- 
sary in the surgical treatment of all supraglottic laryngeal cancers. 


KEY WORDS — early stage of cancer, neck dissection, supraglottic cancer. 


INTRODUCTION 


The treatment of early-stage squamous cell carci- 
noma of the supraglottic larynx remains unsettled. 
Controversy has often focused on whether to treat 
the primary tumor surgically or by radiotherapy 
(XRT). However, there are proponents of combined 
sequential therapy with XRT before or after opera- 
tion. In fact, all modalities appear to be excellent in 
controlling early-stage primary Tumorg 17 


The surgical management of the primary tumor 
has evolved over the last few decades. Supraglottic 
laryngectomy may be defined as a turning point in 
surgery of laryngeal cancer. Classic, extended, and 
modified supraglottic laryngectomies have provided 
flexibility and relative safety for both patients and 
surgeons. Another turning point was functional neck 
dissection (FND). It completes the conservative trend 
of supraglottic laryngectomy. The value of FND in 
high-risk patients is clear from the available data.! 
Thus, traditional total laryngectomy, often combined 
with radical neck dissection, which was the only ac- 
cepted surgical therapy until 1950, has changed to 
these more conservative procedures. Both supraglot- 
tic laryngectomies and FND have their own particu- 
lar indications, and both of them are relatively safe 
and effective from the point of view of oncology. 


Supraglottic cancers have a strong predilection for 
cervical metastasis. This usually results from simulta- 
neous invasion of the preepiglottic and/or paraglottic 
spaces. The lymphatic canals within these compart- 
ments facilitate metastases to the neck. Patients who 


present with supraglottic cancer and metastatic neck 
disease have a worse prognosis than those who are 
staged as N0.67 In a high percentage, failure of the 
initial treatment is related to failure in the neck, and 
many of these patients will die DH 


There is no doubt that patients with neck disease 
should be treated, and most surgeons prefer to per- 
form a neck dissection in this situation. Management 
of the NO neck 1s more complex, and the challenge 
is primarily focused on those patients who do not 
have clinically palpable lymph nodes at presenta- 
tion. NO disease can be treated effectively with XRT 
alone-10,11 or with surgery alone.!.!2.13 It is not neces- 
sary to treat an NO neck with a combination of these 
modalities. An ideal and generally accepted approach 
is to treat the NO neck with selected initial therapy 
for the primary lesion.!! An elective neck dissection 
can act as a diagnostic maneuver and clarifies the 
clinical stage of the tumor, the probability of sub- 
clinical neck disease, and the necessity of adjuvant 
therapy. Presently, there are still arguments on elec- 
tive neck dissection. Some offer bilateral neck dissec- 
tion as a routine in all supraglottic cancers. }.6.14,15 
Some consider that elective neck dissection has no 
significant effect on either the risk of subsequent de- 
velopment of ipsilateral cervical adenopathy or on 
survival, and they adopt a wait-and-see attitude. !6!7 
Others prefer to perform an ipsilateral neck dissec- 
tion on the side under a higher risk of metastases 
according to primary tumor site and extent.!8.!? 


This study was undertaken to evaluate the role of 
elective neck dissection in the surgical treatment of 
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FOLLOW-UP 


Algorithm for surgical treatment of NO patients with T1 
and T2 supraglottic cancer. FND — functional neck dis- 
section, XRT — radiotherapy. 


supraglottic carcinomas. Also, an attempt was made 
to ascertain whether bilateral dissection is a necessi- 
ty in the management of all supraglottic laryngeal 
cancers. 


MATERIAL AND METHODS 


At our institution we designed an algorithm for 
management of the NO neck in surgically treated pa- 
tients with T1 and T2 supraglottic laryngeal cancers. 
This is summarized in the’Figure. From 1991 to 1996, 
39 patients with unilateral supraglottic carcinoma 
were treated according to this protocol at the head 
and neck surgery department of Erciyes University. 


“Unilateral” lesions of the epilarynx included those 
of the false vocal cord, aryepiglottic fold, and me- 
dial wall of the pyriform sinus. Lesions reaching but 
not crossing the midline were also included. Tumors 
located centrally, showing a horseshoe pattern, and 
tumors with extension outside the larynx involving 
the tongue base or pyriform sinus were excluded. 
Clinical assessment of the primary tumor was accom- 
plished by indirect mirror examination, telescopic 
endovisual photography, direct laryngoscopy, ultra- 
sonography (US), and computed tomography (CT), 
and tumors were classified according to the staging 
system recommended by the American Joint Com- 
mittee on Cancer (AJCC).29 


Since this study involves the role of elective neck 
dissection in NO necks, all patients with positive 
nodes were also excluded. Only clinically NO pa- 
tients were included. If a patient clinically had no 
palpable nodes but the US or CT scan indicated ab- 
normal lymph nodes, the patient was reexamined. If 
reexamination revealed no abnormal lymph nodes, 
then the patient was still staged NO. No patients were 
staged N+ on the basis of US or CT alone. 


The surgical procedure began with unilateral FND 
and proceeded to supraglottic, extended supraglot- 


tic, or near-total laryngectomy. The FND was always 
performed on the side in which the tumor was in the 
greatest amount. The lymphatics of zones II, IM, IV, 
and V. were removed. The principles of the surgery 
included removal of the primary tumor with nega- 
tive margins in continuity with the preepiglottic space 
and with the lymphatic channels through the thyro- 
hyoid membrane. 


All histopathologically N+ patients were given 
planned postoperative XRT. After surgery these pa- 
tients received a dose of 50 Gy to both sides of the 
neck over a period of 5 weeks. None of the histopath- 
ologically NO patients received either adjuvant XRT 
or contralateral neck dissection. All had at least 14 
months of follow-up. ) 


RESULTS 


The age of these selected patients ranged between 
46 and 68 years (mean 60 years). All patients were 
male. Of the 39 primary lesions, 8 were classified as 
T1 and 31 were classified as T2, according to the 
staging system recommended by the AJCC. 


Of the 39 patients who had an elective ipsilateral 
FND, 30 (77%) were found to be NO and 9 (23%) - 
were found to have metastases in the cervical lymph 
nodes histopathologically. All 30 patients who were 
not given any additional therapy and the 9 who re- 
ceived planned XRT were followed up regularly. The 
mean follow-up was 34 months (minimum 14 months, 
maximum 60 months). At present, all patients are 
alive, and none have developed any recurrence in 
either the dissected or the undissected side of the 
neck. 


DISCUSSION 


One of the most important dilemmas in dealing 
with laryngeal cancer is the management of necks 
with NO disease. The abundant lymphatics of the su- 
praglottic area raise the question of treatment of the 
neck. A number of patients with clinical NO disease 
do have metastatic invasion of regional lymph nodes 
at the time of surgery. Undertreating these patients 
will decrease their chances of survival, because the 
highest probability of survival is always obtained in 
the first therapeutic approach.!:!! Therefore, most 
head and neck surgeons prefer prophylactic treat- 
ment of the NO neck of a patient with supraglottic 
laryngeal carcinoma. Controversy exists related to 
the most effective way to manage potential cervical 
metastases. Two methods are widely accepted in the 
management of the neck with NO disease: primary 
XRT and FND. When used in NO cases, both modal- 
ities are directed to the 20% to 30% of patients with 
occult neck disease. Some object that this approach 
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leads to overtreatment in 70% to 80% of cases, and 
a wait-and-see concept is often preferred by these 
authorities. Shah and Tollefsen’ did not recommend 
routine elective neck dissection in patients with en- 
dolaryngeal or exolaryngeal supraglottic carcinomas. 
Coates and Devine!” observed that only 2 of 8 pa- 
tients with primary T2 tumors required a delayed 
neck dissection, and none of the patients with stage 
I or If supraglottic cancer who did not have a simulta- 
neous neck dissection died of cancer. Soto Varela et 
al!© reported that elective neck dissection in NO pa- 
tients with supraglottic carcinomas had no significant 
outcome on either the risk of subsequent develop- 
ment of ipsilateral cervical adenopathy or on sur- 
. vival. They considered that elective neck dissection 
is not beneficial as a routine strategy for the man- 
agement of carcinomas affecting the supraglottic lar- 
ynx. 


The only way to avoid undertreatment or overtreat- 
ment is by knowing which patients with NO disease 
have neck disease at the time of surgery. Unfortunate- 
ly, at present no preoperative test is available to ascer- 
tain the presence of metastases in patients with an 
NO neck.>-?:!3,21,22 Noninvasive identification of mi- 
croscopic deposits of metastatic cancer in the cervi- 
cal lymph nodes of patients with NO disease may 
become possible in the future. Until this is realized, 
elective neck XRT or elective neck dissection ap- 
pear to be reasonable when weighed against the risk 
of neck relapse in patients with an NO neck. Ramadan 
and Allen? concluded that elective neck dissection 
decreases neck relapse significantly in patients treat- 
ed for NO supraglottic carcinoma. While the relapse 
rate was 14.3% in patients treated with neck dissec- 
tion, relapse in the patients who did not have neck 
dissection was 40.5%. Radiotherapy did not seem to 
make a significant difference in relapse rate. 


Surgery provides not only a treatment, but also a 
chance for staging the disease. It also determines 
whether or not an adjuvant therapy is required. In 
such a situation, some prefer FND over any other 
surgical approach, because it is the only dissection 
that removes all of the principal nodal groups in the 
neck, preserving the 11th nerve, the internal jugular 
vein, the submandibular gland, and the sternocleido- 
mastoid muscle. Moreover, FND enables a bilateral 
operation with little or no resultant functional disabil- 
ity and is an oncologically acceptable procedure. 
When surgery is decided on as initial treatment, then 
the question arises as to whether an elective neck 
dissection should be performed routinely in high- 
risk cases, and if it is done, whether or not a curative 
neck dissection should be directed to both sides. Both 
the high probability of occult disease in the neck and 


the advantages of FND call for bilateral elective neck 
dissection in patients with supraglottic cancer. Pro- 
ponents of this approach suggest that this will pro- 
vide not only cure but also staging and prophylax- 
is.®13,15,24 According to these authors, embryologi- 
cally, the supraglottis does not form by fusion of 2 
lateral masses; therefore, it may be thought of as a 
midline structure. Further, the preepiglottic space, 
which contains rich lymphatics, is easily invaded by 
supraglottic tumors, and this also facilitates bilat- 
eral spreading. }.25.26 


Bocca et al,!3 on the basis of their observations, 
proposed bilateral neck dissection in all patients with 
supraglottic cancer, since patients who required a de- 
layed dissection had a lesser probability of surviv- 
ing than patients who had undergone bilateral dissec- 
tion at the initial treatment. 


In a retrospective review of 202 patients with su- 
praglottic carcinoma who were treated with surgery 
alone, recurrent metastatic disease to the contralater- 
al, unoperated side was encountered in 19 (19%) of 
102 patients. The risk to the contralateral neck was 
not different between the patients with lateral lesions 
and patients with epiglottic (midline) lesions. How- 
ever, the patients with aryepiglottic fold lesions pre- 
sented with more advanced primaries than the pa- 
tients with epiglottic lesions. So, the authors decided 
to perform bilateral neck dissection routinely in all 
patients with supraglottic carcinoma, both for stag- 
ing the disease more accurately and for eliminating 
the possible risk to the contralateral neck P From the 
same institution, Weber et al!4 concluded that bilat- 
eral neck dissection did not increase morbidity and 
had the potential benefit of avoiding XRT. 


In the study of Suarez et al,!8 FND was always 
performed on the side with clinically positive nodes 
or on the NO neck side that is at higher risk of me- 
tastasis according to the primary tumor side and ex- 
tent. The difference between the recurrence rates in 
the dissected side (2%) and the undissected side 
(13%) was statistically significant. A similar rate of 
contralateral recurrences in the undissected side 
(10%) was observed in N3 cases subjected to radi- 
cal neck dissection. 


Ogura et al* noticed that in surgically treated pa- 
tients the most common site for failure was the neck 
(21%). To prevent this, they offered preoperative 
XRT ranging from 40 to 45 Gy in patients selected 
for conservation surgery. Levendag and Vikram}! 
found a 32% incidence of cervical metastases in stage 
I and stage II supraglottic cancers. Among these, 5 
(of 10) relapsed in the ipsilateral neck. In addition, 
of 21 patients whose neck dissection was negative, 
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4 (19%) subsequently failed on the contralateral side 
of the neck. Forty-eight patients had no elective neck 
dissection, and 14 of them (29%) subsequently re- 
lapsed in the neck. Thus, of the 79 patients, 28 (35%) 
developed cervical nodal metastases. The median 
time to relapse was 12 months. Although the local 
recurrence rate in the XRT-treated group is substan- 
tially higher, the authors stated that elective XRT to 
both sides of the neck was the preferable treatment. 
Marks et al? reported that the major site of failure, 
after low-dose preoperative XRT and conservation 
surgery for supraglottic laryngeal carcinoma, was the 
neck. Failures occurred at a rate of 25% in the ipsi- 
lateral neck and about 75% in the contralateral neck. 
The appearance of tumor in the clinically negative 
neck with an incidence of 75% seems an interesting 
finding. In another study of Marks et al,” the risk of 
contralateral neck involvement was not found to be 
related to the size of the primary lesion. They no- 
ticed a 7% incidence of contralateral neck metastases 
for central supraglottic cancers and a close associa- 
tion between the contralateral neck metastases and 
the presence of palpable lymph nodes or occult lym- 
phatic metastases in the ipsilateral neck. They sug- 
gested that the existence of clinical or microscopic 
ipsilateral metastases was the most reliable indica- 
tor of contralateral metastases. 


The observation of DeSanto et al!? was that if dis- 
section on | side yields a negative specimen on path- 
ological study, little seems to be gained by perform- 
ing a contralateral neck dissection. Whereas 33% of 
those who had positive neck nodes in histopatho- 
logic studies on the first side required a dissection on 
the second side, only 1 of the 98 patients who had a 


negative specimen on 1 side required second-side. 


dissection. Considering that the incidence of contra- 
lateral failure is relatively low with a pathologically 
NO ipsilateral neck, DeSanto” suggested that dissec- 
tion of the contralateral neck should be undertaken 
when intraoperative findings revealed metastatic dis- 
ease. 


The lymphatic drainage of the supraglottic larynx 
is well documented. The area of the larynx above 
the vocal cords is drained by the superior group of 
_ vessels, which pierces the thyrohyoid membrane, to 
end in the upper deep cervical nodes. A sharp bound- 
ary along the inferior edge of the false vocal cord 
has been demonstrated. On the other hand, the Ilym- 
phatic vessels of the larynx form a 2-part, highly 
compartmentalized system: superficial and deep. The 
superficial (intramucosal) system communicates 
' freely between the right and left sides of the larynx. 
The deep (submucosal) system is highly specialized 
and the most critical for laryngeal tumor spread. 


There is little or no deep lymphatic communication 
between the right and left halves of the larynx. Thus, 
the lymphatic vessels of the supraglottic larynx are 
divided into right and left groups.”? So, the pattern 
of laryngeal lymphatic drainage is mostly unilateral, 
and contralateral spread without ipsilateral spread is 
not common.?° Welsh at al?! concluded that the di- 
rection of lymph flow is an ipsilateral phenomenon 
and that the anatomic midline appears to direct the 
course of the flow. However, when the ipsilateral 
drainage is obstructed by neoplastic infiltration, sur- 
gery, inflammatory scarring, or XRT, the endolaryn- 
geal lymphatics continue to function by altering the 
direction of flow into lower-resistance channels and 
result in contralateral or bilateral spreading. The con- 
cept of treatment of cervical lymph nodes in supra- 
glottic carcinomas closely relates to this basic infor- 
mation. The principles of supraglottic laryngectomy 
include removal of the supraglottic area in continu- 
ity with the preepiglottic space and with the lym- 
phatic channels through the thyrohyoid membrane. 
This membrane, with its associated lymphatic chan- 
nels, serves as the point of attachment of the neck 


_ dissection. Therefore, supraglottic laryngectomy with 


neck dissection follows the concept of en bloc resec- 
tion of the primary tumor with its associated lym- 
phatic channels and lymph nodes.78 


Cancers of the supraglottic area exhibit a 21% to 
32% metastatic rate, and the incidence of bilateral 
palpable cervical nodes in patients with supraglottic 
lesions is 5%. The incidence of late contralateral me- ` 
tastasis if ipsilateral nodes are histologically posi- 
tive is 33%.28 Our results revealing 23% occult neck 
disease in the ipsilateral side of the primary lesion 
suggest that elective neck dissection is necessary in 
the management of patients with supraglottic carci- 
noma. If surgical treatment is decided on, an elec- 
tive neck dissection is warranted on the more suspi- 
cious side. This study also showed that the patients 
who did not have pathologically proven metastases 
on the side of the neck at the time of primary surgery 
were unlikely to develop contralateral neck metas- 
tases. So, an elective treatment on the second sides 
of these patients seemed unnecessary. It is our opin- 
ion that if the first specimen is truly negative, one 
can abandon the second-side dissection with relative 
safety in a patient with unilateral early supraglottic 
laryngeal cancer. In addition, performing an elective 
neck dissection on the contralateral NO neck solely 
for staging purposes does not seem meaningful. On 
the other hand, the use of elective XRT as a substi- 
tute for elective neck dissection on the first side is 
less logical. In patients with negative ipsilateral and 
contralateral necks, it would be unnecessary, and the 
staging could not be obtained. Preferential FND pro- 
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vided not only cure, but also staging of the tumor 
more precisely. It also prevents overtreatment of pa- 
tients with XRT or contralateral neck dissection. How- 
ever, bilateral elective neck dissection has its place. 
It seems desirable in patients with clinically deter- 
mined bilateral lymphadenopathy. Bilateral dissec- 
tion also is appropriate when the primary tumor is in 
the midline and the probability of occult metastases 
is likely. In such cases, delay of the second dissec- 
tion may increase the rate of failure. If the patient’s 
general health allows, it is oncologically safer to per- 
form bilateral FND simultaneously in these situa- 
tions. 


After FND, recurrences in patients with NO necks 
may be explained by intraoperative seeding of can- 
cer cells circulating within the lymphatic vessels. Dis- 


continuous resection of the primary tumor and its as- 
sociated lymphatics may lead to seeding, obstruc- 
tion, and misdirection of the lymphatic flow, result- 
ing in contralateral spreading. Therefore, en bloc re- 
section of both lymphatics and the primary lesion in 
continuity is probably the key point for success. Pre- 
operative XRT may also cause obstruction and mis- 
direction of the lymphatic channels. Our data revealed 
that postoperative XRT given bilaterally seems to be 
suitable for patients who had positive ipsilateral neck 
disease, since no recurrence was encountered in the 
follow-up period. 


We believe that this treatment policy will avoid 
unnecessary neck dissection and XRT in patients in 
whom development of contralateral neck metastases 
is unlikely. 
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EXPERIMENTAL REINNERVATION OF A STRAP MUSCLE WITH A 
FEW ROOTS OF THE PHRENIC NERVE IN RABBITS 
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In order to compare application of the roots of the phrenic nerve to the ansa hypoglossi for laryngeal muscle neurotization, 1 or 
more roots from the phrenic nerve. were implanted into the right sternothyroid (RST) muscle of rabbits (n = 36). Controls were intact 
animals (in which RST innervation is provided by the ansa; n = 6) and denervated ones (n = 6). At 66 + 2 days (mean + SE) after 
neurotization, during quiet breathing, inspiratory electromyographic activity and isometric contraction force were observed in all 
reinnervated RST muscles (n = 24). During maximal inspiratory effort, electromyographic activity and force increased. In animals 
reinnervated by the C4 root alone, forces (46.22 + 7.8 g) were significantly higher than in intact animals (10.83 + 5.0 g). Retrograde 
labeling proved the phrenic origin of the neurotization. Electromyography of the diaphragm was recorded. We conclude that in 
rabbits, neurotization of a strap muscle by 1 or 2 roots of the phrenic nerve allows inspiratory contraction, even during quiet breath- 
ing. Such inspiratory activity is not observed in sternothyroid muscles of intact animals innervated by the ansa hypoglossi. 


KEY WORDS -— larynx, phrenic nerve, rabbit, reinnervation, strap muscle. 


INTRODUCTION 


Laryngeal reinnervation has been the subject of 
many studies during recent decades. Direct anasto- 
mosis of a severed recurrent nerve cannot achieve 
vocal fold motility, because of misdirected regen- 
eration of axons to antagonist muscles. Progress has 
been made with the concept of selective reinnerva- 
tion of abductor or adductor muscles. 


The ansa hypoglossi!4 and phrenic nerves5-13 have 
been successfully used for experimental reinnerva- 
tion of the posterior cricoarytenoid (PCA) muscle. 
In spite of good results in animals, phrenicotomy can- 
not be routinely proposed in humans, because of its 
respiratory consequences. Is it possible to achieve 
neurotization of a muscle by a phrenic nerve trans- 
fer with limited diaphragmatic damage? This ques- 
tion was already addressed by Crumley®’ with the 
technique of the split phrenic nerve graft. However, 
this technique was not successful in humans.!* An- 
other solution could be the use of only 1 or a few 
roots of the phrenic nerve; this was performed with 
success in cats!9:!2.13 and in dogs.® 


In rabbits, we previously showed that the 3 phrenic 
nerve roots take independent routes before joining 
the main phrenic nerve.!> We demonstrated that re- 
section of the highest root or 2 roots of the right 


phrenic nerve can preserve valuable innervation and 
function of the remaining diaphragm.!®-!7 However, 
can the preserved roots of the phrenic nerve be trans- 
posed in the neck, and achieve muscle neurotization 
more successfully than the ansa hypoglossi does? To 
answer these questions, we carried out neurotization 
of the sternothyroid (ST) muscle in rabbits with 1 or 
2 roots of the right phrenic nerve and compared the 
activity of these muscles with that in intact animals 
(in which ST innervation is provided by the ansa). 


MATERIALS AND METHODS 


In New Zealand rabbits (Charles River, France) 
weighing 3,000 to 4,700 g, section of the roots of the 
right phrenic nerve and implantation of these roots 
in the homolateral denervated ST muscle were per- 
formed. The experiments were carried out in accor- 
dance with French laws concerning animals. 


After premedication with diazepam, animals were 
anesthetized with ketamine hydrochloride (12.5 mg/ 
kg) and chlorpromazine hydrochloride (0.625 mg/ 
kg); the depth of anesthesia was adjusted to main- 
tain abolition of the corneal reflex but retain sponta- 
neous breathing. Each animal was placed in a supine 
position. By a medial cervicotomy, denervation of 
the right ST (RST) muscle was performed by resec- 
tion of the ansa hypoglossi at the level of the carotid 
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Fig 1. Implantation of C4 root of right phrenic nerve in 
right sternothyroid (RST) muscle. 


artery. The roots of the right phrenic nerve were ex- 
posed. Identification was controlled as previously de- 
scribed.!5 


The following procedures were performed (Fig 1). 
Group 3 (n = 12) had section of the right phrenic 
nerve, and implantation in the RST muscle. In group 
4 (n = 12), the phrenic nerve root originating from 
C4 (C4 root) was sectioned and implanted in the RST 
muscle. In group 5 (n = 12), the common root origi- 
nating from C5 and C6!° was extended by a 2-cm- 
long nerve graft and then implanted in the RST mus- 
cle. The phrenic nerve root that originated from the 
anastomosis between the branches from C5 and C6 
was too short to be transposed in the ipsilateral ST 
muscle. Therefore, it was extended by a free nerve 
graft removed from the superficial cervical plexus. 


Implantation in the ST muscle was achieved by 
placement of the nerve between the ST muscle fi- 
bers, surrounded with biological glue (Biocol, LFB, 
Paris, France). A thin sheet of silicone was placed 
above the nerve graft to facilitate the discovery of 
the grafted nerve at the time of evaluation. The anas- 
tomosis between the branch from C5-C6 and the free 
nerve graft was carried out through a collagen cylin- 
der (human IV/IV Ox collagen, Imedex, Chaponost, 
France) with a diameter of 1.5 mm, and 5 mm long, 
surrounded with biological glue. After disinfection, 

the wound was closed without drainage. 


Two series of animals were used as controls. In 
group | (n = 6), denervation of strap muscles and a 
2-cm-long resection of the right phrenic nerve were 
performed. In group 2 (n = 6), the intact animals, no 
surgical procedures were performed. 


Two months after neurotization, the animals were 
anesthetized with the same technique. They were 
maintained in a supine position, their upper limbs 
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Fig 2. Attachment of right thyroid cartilage ala and RST 
muscle to isometric force transducer. Cannula was ob- 
structed to induce inspiratory effort. 


attached to the surgical table, at a constant rectal tem- 
perature. A vertical cervicotomy was performed. The 
sternohyoid (SH) muscle — which is unpaired in rab- 
bits — was divided at the midline. A tracheostomy 
was performed and the trachea was cannulated with 
a 4-mm-—inside diameter endotracheal tube. In order 
to measure the intrathoracic pressure, for quantifi- 
cation of inspiratory effort, a 4.5-cm-long balloon 
catheter was placed transorally into the middle third 
of the esophagus and connected to a transducer (Stath- 
am PM 6, range + 2.5 psi); the balloon was allowed 
to fill spontaneously at the end of an expiration. 18 


The phrenic nerve graft was then identified. The 
ST muscle was exposed and separated from the sur- 
rounding tissues except for its inferior third. The right 
thyroid cartilage ala was sectioned, carefully preserv- 
ing the insertion of the ST muscle, and firmly at- 
tached to a force transducer (Metripak, 514 S/N OS, 
Gould, Longjumeau, France) placed in the initial 
position of the muscle (Fig 2). Signals were deliv- 
ered to a WindoGraf recorder (Gould). 


Through a laparotomy, the right and left hemi- 
diaphragms were exposed. The electromyography 
(EMG) activity of the diaphragm was recorded dur- 
ing quiet breathing with a monopolar concentric nee- 
dle electrode (Dantec, Type 13 L, Copenhagen, Den- 
mark) connected to an EMG recorder (Racia, type 
21 P, Le Bouscat, France). The following regions of 
the diaphragm were studied: sternal, anterior costal, 
midcostal, posterior costal, and crural regions on the 
right side; and sternal, midcostal, and crural regions 
on the left side. Tracings were kept for further analy- 
sis. Ascore was assigned by a double-blind scale from 
0 to 3 according to the amount of EMG activity (0, 
no inspiratory activity; 1, limited inspiratory activ- 
ity or neurogenic activity; 2, extensive inspiratory ac- 
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Fig 3. Simultaneous recording of esophageal pressure 
(Peso), electromyography (EMG) activity, and force of 
RST muscle before and after tracheal occlusion (increas- 
ing inspiratory effort, from left to right). 


tivity; and 3, inspiratory activity constituting an in- 
terference pattern), Ip. 

The EMG tracings from the RST and left ST (LST) 
muscles were recorded during quiet breathing and 
after prolonged occlusion of the trachea with the 
above-mentioned equipment. The recorded passband 
was between 65 Hz and 10 kHz. Tracings were kept 
for further analysis. The same scores as for diaphrag- 
matic tracings were assigned by 2 scorers with a dou- 
ble-blind scaling. Animals that did not have inspira- 
tory activity in the ST muscle during tracheal occlu- 
sion were considered failures and were not further 
evaluated. 

The isometric contraction force of the RST and 
LST muscles was recorded during quiet breathing 
and after prolonged occlusion of the trachea (Fig 3). 
After these measurements, the grafted nerve was ex- 
posed and enclosed within a hooked wire electrode, 
and tetanic electrical stimulation was performed with 
80 rectangular pulses per second of 20-mA inten- 
sity. Esophageal pressure (Peso) was continuously re- 
corded on the WindoGraf recorder (Gould). 


At the end of the experiment, Peso, ST EMG trac- 
ings, and isometric contraction force were recorded 
during the resection of the nerve of the ST muscle 
(phrenic or ansa) in order to confirm the disappear- 
ance of the signals after resection of the nerve. 


In 2 animals of each group, retrograde staining of 
motoneurons was carried out with horseradish per- 
oxidase (HRP). Forty-eight hours before EMG and 
force control, animals were operated on under gen- 
eral anesthesia. The RST muscle was exposed. Intra- 
muscular injection of a 30% HRP solution (type VI, 
Sigma, Fluka Chemika Biochimika, St Quentin Fal- 
lavier, France) was performed with a microsyringe 
(Hamilton 701 RN, Bonaduz, Switzerland). Injec- 
tions were stopped when the muscle was uniformly 
colored. A dose of 23 + 2 uL was used. This staining 
was carried out under general anesthesia, through a 
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Fig 4. EMG scores of RST muscle during quiet breath- 
ing (resting RST) and during inspiratory effort (effort 
RST). Histograms are presented as mean + SE. See com- 
ments in text. 


cervicotomy, 48 hours before functional evaluation. 


At the end of the evaluation procedure (EMG and 
force recording), a phosphate buffer saline solution 
was perfused into the heart of each animal. Then fixa- 
tion was achieved with glutaraldehyde. The cervical 
spinal cord was removed and placed in a sucrose so- 
lution for 36 hours. The tissue was then frozen, and 
the spinal cord was sectioned in 30-mm slices. Stain- 
ing was done as described by Mesulam et al.2° 

Statistical analysis was done with the nonparamet- 
ric tests of Kruskal-Wallis and the Mann-Whitney 
U-test. 

RESULTS 

Three animals died. The surviving animals were 
evaluated 66 + 7 days (mean + SD) after the surgical 
procedure. The weights were 3,729 + 463 g (range 
3,000 to 4,700). Neither the elapsed time since sur- 
gery nor the weights within groups was significantly 
different. 


In 8 animals of the reinnervated groups, no inspira- 
tory EMG activity was found, even during tracheal 
occlusion (3 in group 3; 3 in group 4; 2 in group 5). 
These animals were considered failures of reinner- 
vation; the evaluation procedure was not completed. 


During quiet breathing, no EMG activity was ob- 
served in the RST muscle of denervated animals 
(group 1, n = 5) or healthy ones (group 2, n = 6). In 
successfully reinnervated animals (group 3, n = 9; 
group 4, n = 9; and group 5, n = 8), inspiratory EMG 
activity was observed during quiet breathing in all 
animals except for 2 of group 4. The mean EMG 
score of group 3 (1.63 + 0.5; mean + SD) was signif- 
icantly higher than those of group 4 (1.00 + 0.7) and 
group 5 (1.13 + 0.4; p < .05; Fig 4). 


During prolonged tracheal occlusion, no inspira- 
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Fig 5. Isometric forces developed by RST muscle and 
left sternothyroid (LST) muscle during resting inspira- 
tion. 


tory EMG activity was recorded in the RST muscle 
of the denervated animals (group 1); it was replaced 
by continuous fibrillation. The mean EMG scores of 
the RST muscle of the reinnervated groups (groups 
3, 4, 5; respectively 2.63 + 0.5, 2.56 + 0.7, and 2.75 
+ 0.4) were higher than those of group | (0.00) and 
group 2 (0.50 + 0.8; p < .001). The EMG scores in 
group 4 (neurotization by the C4 phrenic root alone) 
were higher than those in group 2 (normally inner- 
vated by ansa hypoglossi). No significant difference 
was observed between the values of groups 3, 4, and 
5 (Fig 4). 


No EMG activity was recorded in the LST muscle 
during quiet breathing in any animal. During pro- 
longed tracheal occlusion, light EMG activity ap- 
peared in all groups, no different from the right side 
in group 2 (healthy group). 


The Peso (quantification of the inspiratory effort) 
was measured at the beginning of the EMG signal in 
the RST muscle. No RST EMG activity appeared in 
group 1. In group 2, EMG activity appeared for high 
inspiratory effort (at high values of Peso: 27.9 cm 
H20). In groups 3, 4, and 5, inspiratory RST EMG 
activity was present in quiet breathing (at low val- 
ues of Peso: 2.6 to 5.7 cm H20). The difference was 
significant (p < UI) between group 2 and other 
groups, except for group |. The differences between 
groups 3, 4, and 5 were not significant. 


During quiet breathing, negligible force was de- 
veloped in the RST muscles of healthy (group 2) and 
denervated animals (group 1). In reinnervated ani- 
mals of groups 3, 4, and 5, an inspiratory isometric 
contraction force was observed. The force developed 
in group 3 (5.44 + 2.55 g) was higher than those in 
group 5 (1.75 + 1.4 g; p< DI) and group 4 (3.33 + 
3.4 g; not significant [NS]; Fig 5). 


During inspiratory effort, no inspiratory force was 
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Fig 6. Isometric forces developed by RST and LST mus- 
cles during inspiratory effort. 


developed in the RST muscle of denervated animals 
(group |). The mean force developed in the healthy 
unoperated group 2 (10.83 + 12.4 g) was significantly 
lower than those in all the reinnervated groups (p < 
.01). A large variability of the individual values was 
observed. The mean value in group 3 (74.1 +25.3 g) 
was higher than those in group 4 (46.2 23.0 8: p< 
.05) and group 5 (59.1 + 39 g; NS; Fig 6). 


In the LST muscle (innervated by the ansa hypo- 
glossi), no force was recorded during quiet breath- 
ing in any animal. No significant difference appeared 
between values of the left and right sides of group 2 
(healthy unoperated animals; Fig 5). During effort, a 
slight force was recorded in the LST muscle of the 
different groups, without a significant difference be- 
tween groups (Fig 6). 


Forces developed in the RST muscle during tetanic 
contraction (group 3, 114.3 +47.8 g; group 4, 63.62 
31.7 g; group 5, 90.1 + 62.7 g) were compared to 
those obtained during tracheal occlusion. In animals 
reinnervated by roots of the phrenic nerve, a moder- 
ate but not significant difference was observed in 
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Fig 7. Isometric forces developed by RST muscle during 
inspiratory effort and tetanic contraction (supramaximal 
electrical stimulation of grafted nerve; tela RST). Sumu- 
lation was not performed in group | (non-reinnervated 
group). 
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these two conditions (Fig 7). However, a large dif- 
ference appeared in group 2 (innervation by the ansa 
hypoglossi): the tetanic contraction force (90.75 + 
49.1 g) was markedly higher than that seen during 
tracheal occlusion (10.83 + 12.4 g; p< 0.01). 


A correlation was observed between the forces de- 
veloped in the RST muscle during tracheal occlu- 
sion and tetanic contraction in animals of groups 3, 
4, and 5 (r° = .697: p < .001). 


The values of tetanic contraction force of the LST 
muscle in different groups were not significantly dif- 
ferent. There was no significant correlation between 
forces developed during dyspnea and those devel- 
oped during tetanic stimulation. 


In every case, resection of the grafted nerve was 
performed at the end of the experiment. The inspira- 
tory EMG activity and the force developed by the 
ST muscle disappeared immediately. 


The locations of stained cells in retrograde-labeled 
animals are represented in the Table. No stained cells 





were found in denervated animals. Motoneurons in- 
nervating the RST muscle fibers through the ansa 
hypoglossi were located tn the first and second meta- 
meric cervical parts (C1 and C2) of the homolateral 
spinal cord (Fig 8). 

Neurotization of the RST muscle was produced 
by motoneurons located at the homolateral C3 to C7 
metameric levels, which are the locations of moto- 
neurons of the phrenic nerve.*! In group 4, in animal 
6, no stained cells were found. 


The EMG scores of the different portions of the 
diaphragm are summarized in Fig 9. In groups | and 
3 (resection of the phrenic nerve but preservation of 
accessory phrenic nerve when present), residual 
EMG activity was recorded in the midcostal, poste- 
rior costal, and crural sections of the diaphragm. 


No difference was observed between group 2 and 
group 4, except in the sternal portion of the right dia- 
phragm. In the anterior costal portion, the scores of 
groups 4 and 5 were higher than that of group 3 (p < 
.05). In the crural portion, the score of group 4 was 
higher than that of group 3 (p < .05). The EMG ac- 
tivity was preserved in the lateral and posterior re- 
gions when the accessory phrenic nerve was pre- 
served. Innervation was preserved in the whole dia- 
phragm, except in the sternal portion, when only the 
highest root of the phrenic nerve was resected. 


DISCUSSION 


We showed in rabbits that it was possible to re- 
store inspiratory contraction of a denervated strap 
muscle by its neurotization with just | or 2 roots of 
the right phrenic nerve. Inspiratory contraction was 
already present at rest and was maximal during ef- 


Fig 8. Cells stained by horseradish perox- 
idase located in right cervical spinal cord: 
cytoplasm appeared gray with punctua- 
tion induced by peroxidase. These marked 
cells are some of motoneurons of phrenic 
nerve. 
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Fig 9. EMG scores of different portions of right dia- 
phragm during quiet breathing (mean + SE). EMG scores 
of anterior (ant) and posterior (post) costal portions were 
not studied in groups | and 2 (not applicable: NA). 


fort. The intact ST muscle — innervated by the ansa 
hypoglossi — did not contract during quiet breath- 
ing: a light inspiratory contraction was observed dur- 
ing dyspnea, of less importance than in each reinner- 
vated muscle, even with the highest root of the phren- 
ic nerve. In these partially phrenicotomized rabbits, 
the right diaphragmatic innervation was preserved, 
particularly if only the C4 root was resected. 


In this experiment, New Zealand rabbits were cho- 
sen because of previous studies performed in this ani- 
mal involving neurotization of strap muscles**-*4 and 
phrenic nerve resection.!>-!’ The neurotized muscles 
did not include the PCA muscles, because of the great 
difficulty in assessing the functional reinnervation 
of the larynx. On the contrary, a strap muscle was 
chosen, the ST, which was easy to access, either for 
neurotization or evaluation. The ST was preferred to 
the SH muscle, used by Broniatowski et al? and Mei- 
kle et al,*4 for the following reasons. The ST muscle 
was protected from fibrous scar by the SH muscle. 
Both ST muscles are anatomically separate, which 
is not the case for the SH muscle. In intact animals, 
the ST is innervated by a branch of the 12th nerve, 
which normally fires during deep inspiration (in dogs 
and humans*>®). In rabbits, the physiology of strap 
muscles is poorly known. If present, inspiratory con- 
traction 1s observed in the ST muscle only during 
dyspnea (personal observations confirmed in the pres- 
ent study). In dogs, the nerve of the ST muscle has 
been used by different authors for the reinnervation 
of the PCA muscle.?-+ Neurotization by direct im- 
plantation in the muscle was preferred to nerve anas- 
tomosis, because the diameter of the phrenic nerve 
is much greater than that of the ansa. 


The different groups compared in this study were 
determined in regard to the anatomic arrangement 
of the phrenic nerve roots!* and the functional con- 
sequences of their resection, bearing in mind possi- 


ble surgical application. In previous investigation, 
we showed that diaphragmatic consequences of the 
resection of the C4 root (and, to a lesser degree, the 
root originating from C5 and C6) were limited,!!/ 
The C4 root was most often able to reach the larynx 
or the high part of the trachea, because of its long 
individual route and its high origin. The root origi- 
nating from C5 and C6 was very short and could not 
reach the ST muscle.!> For this reason, in group 5, 
we used a 2-cm-long nerve graft that was anasto- 
mosed with the phrenic nerve root. The approxima- 
tion of both nerves was achieved by enclosing them 
with a collagen tube or vein segment in order to avoid 
axonal escape. It would be reasonable to apply such 
an extension of the grafted nerve for neurotization 
of the PCA muscle. 


The reinnervated animals were compared to healthy 
ones, in which ST muscles were innervated by a 
branch of the 12th nerve. Then we compared the 
phrenic nerve to the ansa hypoglossi through test and 
control groups. However, in a neurotized muscle, not 
as many motoneurons can be restored as function in 
a healthy one. Consequently, the difference observed 
was probably minimal in comparison to the real dif- 
ference between the nerves. 


Evaluation of the results was essentially improved 
by the measurement of isometric contraction force. 
It is a method currently used to evaluate the quality 
of restored motoneurons.’ Nerves, motor end plates, 
and muscles could be quantitatively analyzed. Er- 
rors in the measurement could have been the conse- 
quence of the dissection of the muscles, the position- 
ing of the force transducer, or the attachment between 
the muscles and the force transducer. These errors, 
if present, were the same for each animal and were 
not a bias for the comparison between groups. The 
HRP labeling of the phrenic motoneurons was an 
additional proof of the validity of reinnervation. In 
group 4, only | of the 2 injected animals showed 
HRP-labeled cells. The failure can be explained by 
poor reinnervation or miscounting of stained cells. 


Neurotization was achieved in 26 animals of the 
34 that survived the surgery and recovery. Failures 
in reinnervation were explained by release of im- 
planted nerves, induced by tension or infection. The 
proportion of failures was the same in all groups, 
and did not increase in the group in which a graft 
was used, Nevertheless, this study did not aim to com- 
pare different techniques of neurotization, but rather, 
the inspiratory potential resulting from the use of dif- 
ferent nerves for reinnervation. 

Our findings indicate that neurotization of a mus- 
cle by | or several roots of the phrenic nerve allowed 
inspiratory contraction. These observations were in 


1010 Marie et al, Phrenic Nerve Roots for Neurotization 


accordance with those of Baldissera et al IO Mahieu 
et al,!? and van Lith-Bijl et al!3 on the cat larynx. 
They obtained a functional PCA neurotization with 
l or 2 roots of the phrenic nerve. We showed that the 
inspiratory contraction appeared during quiet breath- 
ing, in agreement with diaphragmatic contraction, 
and was restored with just 1 root of the phrenic nerve. 
This inspiratory contraction was never present at rest 
with the ansa hypoglossi. 


From the present findings, it may be hypothesized 
that if the ansa is used for the neurotization of the 
PCA muscle, its firing would be present only if open- 
ing of the glottis did not improve, thus limiting the 
increase of PCA contraction. In the ST muscle neu- 
rotized with a phrenic nerve root, maximal inspira- 
tory effort led to maximal contraction force on the 
same level as that produced by tetanic stimulation. 
On the other hand, in rabbits, we clearly demonstrated 
that with the ansa, the force achieved during maxi- 
mal inspiratory effort was never as high as during 
tetanic contraction. If this finding carries over to hu- 
mans, these are strong arguments against use of the 
ansa hypoglossi to reinnervate the PCA muscle. 


The highest values of the forces developed by the 
ST muscle in animals reinnervated with the phrenic 
nerve were close to the highest developed in healthy 
ones, and even greater if the main phrenic nerve was 
used (nonsignificant). It could be explained by train- 
ing of the neurotized muscle, contracting for each 
inspiration. It could also be supposed that the histo- 
chemical properties of the neurotized ST muscle were 
transformed by the phrenic nerve. The properties of 
a muscle are actually determined by the nerve in 
charge of its innervation.2® Further, the diaphragm 
and the PCA muscle have similar histochemical com- 





positions: they are both rich in type I and IIa fi- 
bers.!8,29 This similarity could be another argument 
for preferring the phrenic nerve to the ansa for la- 
ryngeal reinnervation. 


Though markedly compensated, diaphragmatic de- 
nervation is the major ethical obstacle to the use of 
the phrenic nerve for human laryngeal reinnervation. 
Preservation of functional innervation of the dia- 
phragm can be achieved by resection of just 1 or a 
few roots of the phrenic nerve.!’ The EMG scores 
recorded in the rabbit diaphragm in the present study 
confirmed the topography of the denervation (then 
innervation), depending on the resected roots, and 
were consistent with our previously recorded data Ip 
In rabbits, C4 was in charge of the anterior part of 
the diaphragm; the accessory phrenic nerve, often 
present, was in charge of the lateral and posterior 
regions. In rabbits, there are some variations from 
one animal to another in the distribution of the inner- 
vation between diaphragm regions, with overlap.!® 
These observations are in accordance with the stud- 
ies of Rikard-Bell and Bystrzycka.2! In cats 2033) 
dogs,3233 and humans,* an anterior-posterior distri- 
bution seems to be found. It can be hoped that resec- 
tion of only 1 or 2 roots of the phrenic nerve would 
preserve functional innervation in the human dia- 
phragm. 


The experimental model presented here was easy 
to realize and useful for quantifying muscle neuro- 
tization by an automatically firing nerve such as the 
phrenic nerve. It could also be used for studying the 
effects of neurotropic medications and to analyze the ` 
transformation of the contractile properties of mus- 
cles. Further experiments must be performed on intra- 
laryngeal (PCA) muscles of large animals. 
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INTRODUCTION 


Meningoencephalic herniation into the middle ear 
is a rare but life-threatening condition. This report 
presents a case of a teenage boy with meningoen- 
cephalic herniation into the middle ear and discusses 
the radiographic appearance and the management 
Strategy. 


CASE REPORT 


A 15-year-old boy was admitted to our department 
complaining of a 4-year history of hearing loss in 
the left ear. He had a history of being in a traffic 
accident at the age of | year, after which a left-sided 
temporal bone fracture was diagnosed. He had not 
experienced intracranial infection, cerebrospinal flu- 
id (CSF) leakage, or epilepsy. 


An otoscopic examination revealed a whitish, soft 
mass behind an intact tympanic membrane in the left 
ear (Fig 1). Neither pulsation of the mass nor effu- 
sion in the middle ear was observed. A pure tone 
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behind intact tympanic 
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Fig 1. Whitish mass was visible 
membrane in left ear. 


audiogram revealed a moderate mixed hearing loss 
(pure tone average of 38 dB) with a slight increase 
in the bone conduction threshold in the left ear and 
normal hearing in the right ear. High-resolution com- 
puted tomography (HRCT) disclosed a bone defect 
measuring approximately 1.5 cm? at the tegmen of 
the aditus ad antrum and a soft tissue—density mass 
that occupied the antrum and the attic, extending 
down to the mesotympanum (Fig 2). No abnormali- 
ties were found in the ossicles. Magnetic resonance 
imaging (MRI) revealed that the mass was in conti- 
nuity with cerebral tissue and isointense to the brain 
on Tl- and [2-weighted images, without showing 
enhancement with gadolinium—diethylenetriamine 
pentaacetic acid administration. The dural line was 
interrupted at the tegmental defect (Fig 3). On the 
basis of these findings, meningoencephalic hernia- 
tion was strongly suspected. Exploratory mastoidec- 
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Fig 2. Nonenhanced high-resolution computed tomogra- 
phy reveals mass in attic and mesotympanum in continu- 
ity with tegmental bone defect. 
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Fig 3. Magnetic resonance images. A) Coronal T1- 
weighted image. B) Coronal T2-weighted image. C) Post- 
gadolinium coronal Tl-weighted image. Meningoence- 
phalic herniation is isointense to brain on both Tl and T2 
images, and is not enhanced with gadolinium (arrow on 
A, B, and C). Interruption of dural line can be appreci- 
ated. 





tomy confirmed that the cerebral tissue was herni- 
ated into the middle ear space through the dural and 
bony defects of the tegmen of the aditus ad antrum. 
The herniated brain tissue appeared necrotic and was 
surrounded by granulation tissue. The tegmental de- 
fect was repaired with a periosteal free graft and a 
pedicled temporal muscle fascia flap by a combined 
middle cranial fossa approach. The herniated brain 
tissue was then totally removed from the middle ear 
space, with the ossicular chain left intact. The post- 
operative course was uneventful. The patient showed 
no signs or symptoms of intracranial infection, CSF 
leakage, or epilepsy. The bone conduction threshold 
showed no change, but the air conduction threshold 
slightly improved (by 5 dB on average). 


DISCUSSION 
Herniation of meningeal and/or encephalic tissue 


into the middle ear space is a rare condition that may 
occur in relation to infection, previous surgery, head 
trauma, or congenital defects. Meningoencephalic 
herniation can occur at any age, but that associated 


growing skull fracture, is usually manifested in 
young adults as a sequela of accidents occurring in 
childhood. ! 

Highly suspicious clinical presentations of me- 
ningoencephalic herniation include intracranial in- 
fection, !-9:!2:17.18 CSF leakage, 1 34.79.11. (4.16 epilep- 
sy, 8911121758 and aphasia.!“ The most common 
clinical picture, however, is conductive or mixed 
hearing loss or otitis media with effusion, '->-9-'4.15-20 
In the present case, mixed hearing loss was the only 


symptom. An increase in the bone conduction thresh- 
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ral bone fracture or contusion to the inner ear at the 
age of | year. Anonpulsating, whitish, soft mass was 
visible behind the intact tympanic membrane, mim- 
icking congenital cholesteatoma. 


A thorough radiologic assessment was very use- 
ful in establishing the diagnosis. On HRCT, herni- 
ated brain tissue is typically shown as a nonen- 
hancing soft tissue—density mass in the attic and/or 
mastoid in continuity with a tegmental defect.! While 
HRCT can define the presence and size of the bony 
defect, it does not necessarily differentiate meningo- 
encephalic herniation from other benign diseases 
such as cholesteatoma, granulation tissue, and cho- 
lesterol granuloma. 122-23 The ossicles are usually de- 
stroyed to some extent by chronic inflammatory dis- 
ease, whereas they are typically intact in a case of 
meningoencephalic herniation. In the present case, 
HRCT showed no abnormalities of the ossicles, while 
the mass occupied the attic and antrum, with a large 
destruction of the tegmen. This finding allowed us 
to suspect the presence of meningoencephalic herni- 
ation rather than chronic inflammatory disease. Mag- 
netic resonance imaging is beneficial to the differ- 
ential diagnosis of these conditions. The herniated 
brain tissue is seen on MRI as a nonenhancing mass 
that is isomtense to the brain in all sequences and is 
in continuity with the cerebral tissue.! Characteris- 
tically, an interruption of the dural line can be ap- 
preciated.!:22:24 When these typical abnormalities are 
observed, the diagnosis of meningoencephalic her- 
niation can be made before surgical exploration. 


The management strategy of meningoencephalic 
herniation may differ depending upon the size and 
location of the tegmental defect and the presence of 
active infection. Small (<1 cm?) or medium-sized (1 
to 2 cm?) defects can be managed through a trans- 


mastoid approach or sometimes with a minicraniot- 
omy.! For large or anteriorly located defects or when 
active infection is present, a middle cranial fossa ap- 
proach is recommended, because it principally avoids 
an additional transmastoid approach.! If necessary, 
a second surgery is performed to manage the middle 
ear condition. For the repair of the tegmental defect, 
most authors prefer to use elastic tissue (fascia, peri- 
osteum, or lyophilized dura) associated with a pedi- 
cled muscle flap and/or rigid tissue (cartilage or 
bone).!-2° The use of heterologous material has been 
associated with a high rate of extrusion,}-!1.12,16 and 
the use of fascia alone has been associated with a 
high rate of recurrence.!.!1!2 Since this case had 
shown no symptoms of infection, the bone defect 
was medium-sized, and the site of the bone defect 
was relatively posteriorly located, the case could 
have been managed through a transmastoid approach, 
if necessary, with a minicraniotomy. We considered 
it necessary to remove the herniated brain tissue sur- 
rounding the ossicles for obtaining hearing improve- 
ment. Thus, after removal of the herniated tissue, 
we used a middle cranial approach to ensure the re- 
pair of the bone defect with a pedicled temporal mus- 
cle fascia flap. Few authors recommend reduction 
of the herniated tissue, provided that it is not infected 
and remains viable. !:48.9.14,17.19 No residual dysfunc- 
tion, however, has been reported after resection of 
herniated tissue. !,7-11,13,14,16-18 This obviates the risk 
of leaving malfunctioning tissue that could be the 
origin of future dysfunction. Since the herniated brain 
tissue appeared necrotic and was thought to be the 
cause of hearing loss in the present case, it was to- 
tally resected. This resection did not cause any re- 
sidual dysfunction. The postoperative air conduction 
threshold improved only slightly; perhaps the adhe- 
sion of the ossicular chain still remained. 
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OBITUARY 
GEORGE E. SHAMBAUGH, JR, 1903-1999 


Everyone in otology agrees he was the greatest 
American otologist. In his 95 years he did it all: 
student, surgeon, teacher, scientist, author, innova- 
tor, husband, father, and role model to us all. From 
the preantibiotic otolaryngology of 1930, when he 
began his training at the Harvard Medical School- 
affiliated Massachusetts Eye and Ear Infirmary, 
through the introduction of the |-stage fenestration 
operation by Lempert, to which he became one of the 
most important contributors, through the stapedec- 
tomy middle ear microsurgery era, to the acoustic 
neuroma, cochlear implant, skull-base surgery present 
era, he was always a leader, often the one out front. 


His contributions to otology are too numerous to 
mention. First and foremost, he introduced to otol- 
ogy the operating microscope, which was slowly 
taken up by ophthalmologists, neurosurgeons, hand 
surgeons, and, ultimately, by all specialties of sur- 
gery. He saw the potential of seeing the operative site 
bigger and brighter, and persisted in the use of the 
microscope until everyone else came around, except 
Lempert, who said he saw “well enough” with a 
surgical loupe and never used the operating micro- 
scope, to his great disadvantage. 


George Shambaugh, Jr, was born in Chicago, 
Hlinois, on June 29, 1903. He was predestined to an 
otologic career as the son of George Shambaugh, Sr, 
a pioneer ear, nose, and throat specialist and one of 
the founders of the American Board of Otolaryngol- 
ogy. His high school education at University High 
School of the University of Chicago. and college 
training from Amherst College in 1924 prepared him 
for his medical education at Harvard Medical School, 
from which he graduated in 1928. An internship at 
Peter Bent Brigham Hospital, Boston, Massachu- 
setts, from 1928 to 1930 preceded his resident train- 
ing at the Massachusetts Eye and Ear Infirmary from 
1930 to 1932 and at Presbyterian Hospital in Chicago 
from 1932 to 1933. 


Beginning practice with his father in the Great 
Depression year of 1933, George had plenty of time 
to begin, under French Hansel, his study of allergy, 
which became a lifelong interest, and which he con- 
tinued after he stopped operating at age 79. After 
hearing Julius Lempert present his l-stage fenestra- 
tion operation to the American Otological Society 
meeting in 1938, George became Lempert’s first and 
most important student. In addition to being the first 
to use the operating microscope in otologic surgery, 
he introduced continuous irrigation of the lateral 





semicircular canal when creating the fenestra, both 
of which greatly improved on the original technique 
of Lempert. In Stockholm, Sweden, in 1938, George 
visited Leonard Holmgren, the first to make a fenes- 
tra in the lateral semicircular canal. While in Stock- 
holm, George met Maurice Sourdille, who exterior- 
ized the fenestra in a 3-stage fenestration operation. 
George created the first otologic research laboratory 
in the United States, at Northwestern Medical School. 
where he studied, in monkeys, the healing of the 
fenestra in the lateral semicircular canal, the cause of 
most failure in the fenestration operation. George 
reported on his animal research, and his experience 
with 800 consecutive fenestration operations in 1945, 
in a classic monograph published in the Acta Oto- 
laryngologica in 1949, “Fenestration Operation for 
Otosclerosis.” Lempert was so offended by George’s 
additions to his original technique of fenestration, 
especially the use of the operating microscope, that 
he never spoke to George again, and an important 
association for otology was lost. 


In 1946, George and Raymond Carhart, often re- 
ferred to as the grandfather of audiology, developed 
the Otologic/Audiologic Diagnostic Clinic at North- 
western University Medical School. This unique week- 
ly collaboration between otology and audiology was 
a marvelous training forum for masters, doctoral, and 
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postdoctorate candidates in audiology and otolaryn- 
gology residents. 


The first edition of Surgery of the Ear was pub- 
lished in 1959, followed by subsequent editions in 
1967, 1980, and 1990, to become the most important 
textbook on the rapidly growing subspecialty of 
otology. 


The first of the “Shambaugh International Work- 
shops on Otomicrosurgery” began in 1959. The ex- 
citing and detailed presentations on tympanoplasty 
by Horst Wullstein and Fritz Zollner from Germany, 
as well as lectures by American otosurgeons on their 
new experiences in stapes surgery, stimulated a truly 
amazing discourse between workshop faculty and 
attendees. Subsequent workshops were held in 1963, 
1967, and 1971, being combined in 1976 with the 
Shea Fluctuant Hearing Loss Symposium. Subse- 
quent Shambaugh-Shea Workshops on Middle Ear 
Microsurgery were held in Chicago every 4 years, in 
1980, 1984, and 1988, ending with the Ninth Sham- 
baugh-Shea Workshopin 1992. These workshops had 
a truly international flavor, with participants from 
Europe, South America, Australia, and the Pacific 
Rim, as well as from all over North America. 


Those individuals who attended the last, Ninth 
Workshop will remember that George Shambaugh 
missed most of the meeting due to an emergency 
operation, and against doctor’s orders, he left his 
hospital bed to come to the final luncheon to speak to 
his cherished colleagues. Serendipity also provided 
a publishing forum for the workshop presentations 
through George’s position as chief editor of the 
Archives of Otolaryngology of the American Medi- 
cal Association from 1960 to 1970. In addition to 
being editor of the Archives of Otolaryngology, 
George published over 400 articles, right up to the 
time of his death. 


Many awards were bestowed upon George in the 
form of presidencies of various professional socie- 
ties and honorary awards by the world’s most pres- 
tigious societies. Among his presidencies, those of 
the Otosclerosis Study Group, the American Society 
of Ophthalmologic and Otolaryngologic Allergy, and 
the American Otological Society reflected George’s 
specialty interests in otology and allergy. However, 


his presidential leadership was also appreciated by 
more broad-based societies, such as the Triological 
Society and the Chicago Laryngological and Oto- 
logical Society. Among other honorary degrees and 
awards, George received an honorary doctorate from 
the University of Freiburg in Germany in June 1967; 
the Award of Merit of the American Otological So- 
ciety in May 1974; and an honorary doctorate from 
the University of Bordeaux in France in 1980. 


When one contemplates the activities already men- 
tioned, itis difficult to realize that in addition, George 
carried a heavy load in a private otologic group 
practice during the heyday of otosclerosis and mas- 
toid and tympanoplasty surgery, and still found time 
for the chairmanship of the Department of Otolaryn- 
gology of the Northwestern University Medical School 
from 1951 to 1964. Reaching the status of professor 
emeritus in 1972 in no way altered his otologic office 
practice. His voluntarily stopping operating in 1982, 
at age 79, in no way reduced his office practice. It 
merely changed his medical orientation from otol- 
ogy and otologic surgery to otolaryngologic allergy, 
and did not alter his lifelong thirst for new ideas and 
new avenues of medical exploration. 


George’s marriage to Marietta Susan Moss, in 
1927, resulted in the birth of 2 children: George II], 
born in 1931, and Susan, born in 1933. The marriage 
to Marietta (Mitzi) ended in 1945, and a second mar- 
riage, to Genevieve Krum in 1946, ended only with 
Gene’s death in 1993. George and Gene’s adopted 
son, David, provided them with great pride and joy as 
his career in the diplomatic corps and as a lecturer at 
the University of London progressed. 


George Shambaugh, Jr, was a true American aris- 
tocrat of medicine: the son of a great otolaryngolo- 
gist, the brother of 2 outstanding doctors, and a 
Harvard Medical School—educated and -trained aca- 
demic, teacher, editor, and excellent private practi- 
tioner. He was certainly the greatest American otolo- 
gist, who affected the lives of so many he taught 
directly or instructed through his writings, books, or 
deep personal relationships. George E. Shambaugh, 
Jr, was.a true “Renaissance man,” and we are all the 
better for having known him. 


John J. Shea, Jr, MD 
Eugene Derlacki, MD 


BOOK REVIEWS 


Stuttering and Related Disorders of Fluency 


Richard F. Curlee, editor. Second edition. Hard cover, illus- 
trated, indexed, 307 pages, 1999. Thieme, New York, NY. 


This is the second edition of a well-received text edited pre- 
viously (1993) by Professor Curlee. Several of the 15 chapters 
are updates (Curlee’s term) from the 1993 book; others are new. 
Some authors have published widely (Couture, Gregory and 
Gregory, Costello Ingham and Ingham); others, to my knowl- 
edge, have not. 


A wide range of perspectives of stuttering and fluency is con- 
sidered: early childhood, therapy for children, counseling, school- 
aged children and adolescents, adults, therapy for adults, and 
three chapters about “other kinds” of stuttering (so-called clut- 
tering, acquired neurogenic disorders, and acquired psychogenic 
stuttering). "? 


I found the final chapter to be especially noteworthy. It is in- 
teresting, informative, and somewhat unusual. It is unusual be- 
cause the authors provide a succinct review, sometimes critical, 
of earlier chapters in the book. In my experience, rarely does 
that occur in a text like this. It is informative because Professor 
Siegel and Mr Gold make quick, easy-to-follow comparisons of 
the various approaches to stuttering. These comparisons are 
enlightening to someone like me and presumably others who are 
not stuttering specialists. The chapter is interesting because it is 
so well written. 


To assist the reader of this review who has limited informa- 
tion about stuttering and fluency, I offer several summary state- 
ments about the disorders, identified primarily by Siegel and 
Gold in the final chapter. 


1. There is apparently increasing support for the idea that 
stuttering is somehow physiological in nature. 


2. There are anumber of treatment programs that are reported 
to be successful. 


3. However, the data about either the nature of stuttering or 
the effectiveness of treatment programs are yet insufficient or 
difficult to interpret. 


4, Treatment programs are more effective for children than 
for adults. In any case, prompt referral to a speech-language 
pathologist for treatment is urgent. 


5. The relationship between a given treatment program and 
theory (a conceptual model about stuttering) is frequently not 
well developed or at least not carefully identified. 


Obviously, this is a significant text. The material in it offers 
the reader, albeit the sophisticated reader, an extensive discus- 
sion about the disorder of stuttering. 


HUGHLETT L. MORRIS, PHD 
Tucson, Arizona 
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An Introduction to Ear Disease 


Bruce Black. Soft cover, illustrated, 86 pages, 1999. Singular 
Publishing Group, San Diego, Calif, $49.95. 


Purpose: A comprehensive ear text at a basic level that rep- 
resents a hands-on, ready-reference work for family physicians, 
medical students, junior otolaryngology residents, emergency 
room staff, nurses, and audiologists. 


Contents: All aspects of the ear are covered, including otal- 
gia. Clinical information is in line form, and there are pages of 
excellent tympanic membrane photographs depicting various 
pathologies and pictorial essays on middle ear prosthetics. The 
line drawings are also superb. 


Attributes: This new textbook offers a modern and up-to-date 
guide to the practice of the ear for the needs of staff and referral 
personnel, Topics are approached in a problem-oriented manner 
with clinical infermation integrated throughout. 


Limitations: When a book is not indexed, it takes time to find 
an entity. The section on vertigo needs a more organized ap- 
proach. 

DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Surgical Approaches in Otorhinolaryngology 


Walter F. Thumfart, Werner Platzer, Andreas R. Gunkel, 
Herbert Maurer, and Erich Brenner. Hard cover, illustrated, 
indexed, 362 pages, 1999. Thieme, Stuttgart, Germany, $179. 


Purpose: An atlas guideline to help surgeons select the cor- 
rect approach and avoid errors. Ulustrations are used to focus on 
typical or normal anatomic situations. Original drawings rather 
than anatomic photographs are utilized. 


Contents: After delineating the typical head and neck divi- 
sions, approaches of local anesthesia and parotid surgery are 
described. 


Attributes and Limitations: The volume clearly and beauti- 
fully describes surgical techniques to approaching standardized 
head and neck sites (disorders). Wordy didactic text is avoided 
and text portions are brief, and since the basic format is consis- 
tently the same for each approach, the book is easy to use. The 
authors have closely analyzed the steps of each procedure. Typi- 
cally, the complex anatomic structures of head and neck surgery 
will require other sources of didactic information not included 
in this book. The drawings, for the most part, are realistic and 
faithful to true anatomy, though some are not. 


Applicability: In considering the purchase of this book, one 
must consider that its main issue is not the lesion itself, but the 
surgical technique to approach the lesion. This beautiful book is 
of great value to head and neck practice for residents and senior 
surgeons dealing with the more major procedures (eg, transoral 
approach to the parapharyngeal space, rather than how to do a 
tonsillectomy). 

DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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COMPLICATIONS OF PEDIATRIC LARYNGOTRACHEAL 
RECONSTRUCTION: PREVENTION STRATEGIES 


JEFFREY P. LUDEMANN, MD, FRCSC 
VANCOUVER, CANADA 
ZEHAVA NOAH, MD 
CHICAGO, ILLINOIS 


C. ANTHONY HUGHES, MD 
CHICAGO, ILLINOIS) 

LAUREN D. HOLINGER, MD 
CHICAGO, ILLINOIS 


A retrospective chart review was performed to quantify the postoperative complications and outcomes of 82 consecutive cases 
of laryngotracheal reconstruction (LTR) and cricotracheal resection (CTR) performed at a pediatric tertiary care hospital over the last 
9 years. Six cases of respiratory syncytial virus (RSV) bronchiolitis and 8 cases of cervical pseudomonal wound abscess (PWA) were 
identified in a total of 12 patients. All of these infections occurred after single-stage LTR or CTR. Both RSV bronchiolitis and PWA 
were associated with significantly more unexpected days of intubation and admission to the intensive care unit, as well as higher 
rates of failure of LTR. Ossification of the cricoid cartilage, grade [V subglottic stenosis, and untreated gastroesophageal reflux 
disease (GERD) were also associated with restenosis. Trisomy 21 did not significantly influence the success rate of pediatric LTR. 
Both RSV bronchiolitis and PWA are potentially preventable complications of pediatric LTR and CTR. We propose strategies to 
prevent these infections. We also advocate the treatment of GERD during the healing phase of LTR. 


KEY WORDS — abscess, bronchiolitis, cricotracheal resection, gastroesophageal reflux disease, laryngotracheal reconstruc- 
tion, Pseudomonas, respiratory syncytial virus, subglottic stenosis, trisomy 21, wound infection. 


INTRODUCTION 


Laryngotracheal reconstruction (LTR) and crico- 
tracheal resection (CTR) are surgical procedures de- 
signed to correct stenosis of the subglottic larynx and/ 
or the proximal trachea. The original two-stage laryn- 
gotracheal reconstruction (TSLTR) was introduced 
in 1972 by Fearon and Cotton.! Single-stage laryngo- 
tracheal reconstruction (SSLTR) was first reported 
in 1988 by Prescott.* Both types of LTR expand the 
airway lumen with a cartilage graft. With SSLTR, 
the tracheostomy is closed during the procedure and 
the reconstructed airway is stented with an endotra- 
cheal tube (ETT). 


Cricotracheal resection was reported in children 
in 1993 by Monnier et al,? as an alternative to LTR 
in cases of severe subglottic stenosis (SGS). It in- 
volves circumferential resection of the distal cricoid 
and proximal trachea, followed by primary anastomo- 
sis. Single-stage laryngotracheal reconstruction and 
CTR are similar in that they are both single-stage 
procedures that require postoperative ETT stenting 
and management in a pediatric intensive care unit 
(ICU). 


On the basis of the degree of stenosis and the pro- 
cedure performed, the surgeon determines the opti- 
mal number of days that the child should remain in- 


tubated for stenting. Unfortunately, after SSLTR or 
CTR, certain postoperative complications may pre- 
vent timely extubation and potentially cause further 
morbidity. Several pediatric otolaryngologists have 
proposed strategies to prevent prolonged weakness 
from neuromuscular blockage.4-6 Prevention of bac- 
terial infections has also been addressed. At our in- 
stitution, significant morbidity from postoperative 
respiratory syncytial virus (RSV) bronchiolitis and 
pseudomonal wound abscess (PWA) prompted us to 
review our recent experience with the complications 
of LTR and CTR. 


MATERIALS AND METHODS 


From July 1989 to July 1998, 72 patients under- 
went 80 LTRs and 2 CTRs at The Children’s Memo- 
rial Hospital in Chicago, Illinois. Charts were re- 
viewed retrospectively to determine patient demo- 
graphics and comorbidities, airway abnormalities, 
grade of laryngotracheal stenosis, type of reconstruc- 
tion, and postoperative complications. 


Preoperatively, all patients had a tracheostomy 
tube for at least 3 months. There were 60 single-stage 
procedures (58 SSLTRs and 2 CTRs). For each of 
these procedures, the expected number of days of 
intubation was noted. The number of unexpected days 
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TABLE 1. DEMOGRAPHICS, COMORBIDITIES, AND 
AIRWAY ABNORMALITIES (N = 82) 


No. __% 
Mean age (y) 3.6 
Male 48 59 
Female 34 4l 
Comorbidities 
Reactive airway disease 44 54 
History of prematurity 43 52 
Chronic lung disease 37 45 
Congenital heart disease 22 2I 
Immunodeficiency/steroid dependence 6 7 
Trisomy 21 5 6 
Other congenital syndromes 6 7 
Malnutrition 2 Zz 
Airway abnormalities 
Supraglottic/glottic 
Supraglottic collapse/laryngomalacia 8 10 
Posterior glottic stenosis 8 10 
Congenital anterior glottic web 2 2 
Subglottic 
Subglottic stenosis (>50%) 75 9I 
Elliptical cricoid cartilage 7 9 
Purely congenital subglottic stenosis 4 5 
Ossified cricoid cartilage 3 4 
Tracheobronchial | 
Proximal tracheal stenosis 8 10 
Trapped first tracheal arch 3 4 
Fused tracheal arches 4 5 
Complete tracheal rings 3 4 
Primary tracheomalacia (>50%) 4 5 
Primary bronchomalacia (>50%) 2 2 


of intubation (UDIs) was recorded. The expected 
number of days in the ICU was considered to be 1 
day more than the expected number of days of intu- 
bation. The number of unexpected days in the ICU 
(UDUs) was recorded for each single-stage proce- 
dure. 


Infectious complications of SSLTR and CTR were 
grouped for statistical analysis. Group 1 consisted 
of 4 cases of isolated RSV bronchiolitis. Group 2 
consisted of 6 cases of isolated PWA. Group 3 con- 


Grade |I! SGS (51-70%) 
Grade Ill SGS (71-99%) 
Grade IV SGS (100%) 


Proximal Tracheal Stenos!s’ 


© 5 40 45 29 


a Two-Stage Laryngotracheal Reconstruction 





sisted of 2 cases of combined PWA and RSV bron- 
chiolitis. Group 4 consisted of 3 cases of nonpseudo- 
monal cervical wound abscess. One case of non-RSV 
bronchiolitis was excluded from statistical analysis. 
The control group consisted of the 44 cases of SSLTR 
or CTR that had none of these postoperative infec- 
tions. The UDIs and the UDUs were the main out- 
come measures. The Wilcoxon 2-sample test was per- 
formed, comparing the UDIs and UDUs of each 
group to the UDIs and the UDUs of the controls. 


Apparent risk factors for RSV bronchiolitis and 
PWA were analyzed. The diagnoses of RSV bronchi- 
olitis, PWA, grade IV SGS, cricoid ossification, un- 
treated gastroesophageal reflux disease (GERD), and 
trisomy 21 were also examined with regard to their 
effects on the outcomes of LTR and CTR. 


RESULTS 


Table 1 summarizes the demographics, comorbid- 
ities, and airway abnormalities of the 80 cases of LTR 
and 2 cases of CTR. Figure 1 summarizes the endo- 
scopic grading of laryngotracheal stenosis and the 
reconstructive procedures performed. Table 2 sum- 
marizes the postoperative complications of TSLTR 
versus SSLTR and CTR. 


Infections (Local and Regional). Six cases of RSV 
bronchiolitis and 8 cases of PWA occurred in a total 
of 12 patients. (Two patients had both RSV bronchi- 
olitis and PWA.) Nonpseudomonal wound abscess 
occurred in 3 patients. Non-RSV bronchiolitis oc- 
curred in 1 patient. These infections only occurred 
in patients who underwent SSLTR (15) or CTR (1). 
Table 3 summarizes the statistical analysis of the 
UDIs and UDUs for patients with postoperative RSV 
bronchiolitis and PWA compared to patients without 
these infections. Statistical analysis revealed that these 
infections were associated with significantly more 
UDIs and/or UDUs. Further, 3 of the 6 patients who 
developed RSV bronchiolitis experienced 1 or more 
acute hypoxic events. 


All cases of RSV bronchiolitis occurred between 


Fig 1. Grades of laryngotracheal steno- 
sis found, and procedures used. SGS — 
subglottic stenosis. 
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TABLE 2. POSTOPERATIVE COMPLICATIONS 
TSLTR SSLTRICTR 


(n = 22) {n = 60) 
No. % No. % 
Local . 
Wound abscess 0 11 18 
Subcutaneous emphysema 0 10 17 
Transient vocal cord paralysis 0 2 3 
Inability to decannulate 10 45 NA 
Tracheotomy required NA 9 15 
Restenosis managed 
endoscopically 4 18 12 20 
Regional 
Viral bronchiolitis 0 7 12 
Acute hypoxic event 7 0 10 17 
Bacterial pneumonia 2 9 9 15 
Asthma exacerbation 1 5 5 8 
Pneumothorax (self-limited) 0 1 2 
Systemic 
Bacteremia 0 T 2 
Postparalytic weakness ` NA 6 10 
Narcotic and/or benzodiazepine 
withdrawal l NA 5 8 
Arrhythmia 0 4 7 
Death 0 de 


TSLTR — two-stage laryngotracheal reconstruction, SSLTR — 
single-stage laryngotracheal reconstruction, CTR — cricotracheal 
reconstruction, NA — not applicable. 


*One patient died of respiratory syncytial virus bronchiolitis 22 
months after SSLTR. 


fall and spring, from October to April (Fig 2). Four 
patients developed significant complications from 
RSV bronchiolitis. Three.of these patients had a his- 
tory of severe prematurity (less than 30 weeks’ gesta- 
- tion) and chronic lung disease (CLD; formerly known 
as bronchopulmonary dysplasia). The fourth had a 
history of viral myocarditis. In the 2 patients who 
developed postoperative RSV bronchiolitis without 
significant complications, no risk factors for severe 
RSV bronchiolitis were identified. 


Analysis of the risk factors for PWA revealed that ' 


1 patient was on chronic steroid therapy for CLD. 
This patient developed both PWA and RSV bronchi- 
olitis. Another patient who developed PWA received 
a postoperative diagnosis of chronic malnutrition. In 


1 
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Fig 2. Seasonality of respiratory syncytial vi- 
rus (RSV) bronchiolitis complicating laryngo- 
tracheal reconstruction. 
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TABLE 3. EFFECT OF RSV BRONCHIOLITIS AND 
WOUND ABSCESSES ON LENGTH OF INTUBATION 
AND ICU ADMISSION FOLLOWING SSLTR OR CTR 





Unexpected Unexpected 
i Days of Days in 
l Intubation ICU 
Group (mean Z SD) {mean + SD) 
Control (no RSV or WA) 
(n = 44) 0.84 + 1.58 1.50 +2.16 
Isolated RSV (n = 4) 213 £1.71 3.25 + 2.06 
p = .008 (SS) p = .066 (NS) 
Isolated PWA (n = 6) 8.50 + 7.04 12.83 + 11.16 
p < .001 (SS) p < .001 (SS) 
RSV and PWA (n = 2) 7.00 + 0 9.5 + 3.54 
p = .005 (SS) p =.017 (SS) 
Nonpseudomonal WA 1.33 + 1.53 5.33 +2.31 
(n = 3) p = .280 (NS) p = .014 (SS) 


p values were calculated from Wilcoxon 2-sample test. 


RSV — respiratory syncytial virus bronchiolitis, ICU — intensive 
care unit, SSLTR —- single-stage laryngotracheal reconstruction, CTR 
— cricotracheal resection, WA — wound abscess, SS — statistically 
significant, NS —— not statistically significant, PWA — pseudomo- 
nal wound abscess. 


addition to PWA, this patient developed Pseudomo- 
nas bacteremia and eventually developed severe glot- 
tic and subglottic stenosis. 


All patients were treated perioperatively with am- 
picillin or a first-generation cephalosporin. No preop- 
erative tracheal cultures were performed. Of the 7 
patients who had Pseudomonas cultured from their 
ETTs postoperatively, 6 developed a PWA. Twelve 
other patients received intravenous gentamicin intra- 
operatively for subacute bacterial endocarditis pro- 
phylaxis. None of these patients developed a PWA. 


A subcutaneous air leak occurred in both patients 
who developed both PWA and RSV bronchiolitis. A 
subcutaneous air leak was also noted in 3 of the 6 
patients with isolated PWA and in 1 of the 4 patients 
with isolated RSV bronchiolitis. Every wound ab- 
scess was treated by incision and drainage and sys- 
temic antibiotics: empiric, then culture-directed. 


Regarding long-term outcome, 1 of the 2 patients 
who developed both PWA and RSV bronchiolitis 
failed CTR (requiring tracheostomy). Additionally, 
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| of the 6 patients with isolated PWA failed SSLTR. 
This patient not only redeveloped SGS, but also de- 
veloped a posterior glottic synechia and bilateral ary- 
tenoid fixation. Finally, 1 of the 4 patients with iso- 
lated RSV bronchiolitis also failed SSLTR. This pa- 
tient had been born at 29 weeks’ gestation with CLD 
and trisomy 21. Two months after SSLTR, tracheos- 
tomy was performed. Two years later, he again devel- 
oped severe RSV bronchiolitis, and subsequently died 
of respiratory failure. 


Single-stage laryngotracheal reconstruction was 
ultimately successful in the other patients with bron- 
chiolitis or wound abscess. A variable number of 
postoperative endoscopic procedures were required 
to remove granulation tissue and dilate the subglot- 
tic larynx. In 1 patient with PWA, half of the auricu- 
lar cartilage graft necrosed and collapsed into the air- 
way. This portion of the graft was debrided endo- 
scopically. Subsequently, the patient underwent 2 en- 
doscopic carbon dioxide laser excisions of granula- 
tion tissue. Ultimately, the remaining cartilage graft 
epithelialized and the airway healed without steno- 
sis. This patient required 11 days of ETT stenting, 
13 days in the ICU, and 30 days of hospitalization. 
In contrast, another patient with PWA was treated 
by temporary tracheostomy, without endoscopic sur- 
gery. This patient was decannulated 6 months later. 


Grade IV Subglottic Stenosis With or Without Os- 
sified Cricoid Cartilage. Six patients had grade IV 
SGS. Intraoperatively, 2 of these patients were found 
to have complete ossification of the cricoid cartilage. 
For these 2 patients, a diamond bur was used to es- 
tablish a subglottic lumen prior to anterior and pos- 
terior costal cartilage grafting and placement of an 
Aboulker stent. Neither patient could be decannulated 
after the initial TSLTR. In 1 patient, grade IV SGS 
redeveloped after both the first and a second TSLTR. 
The other patient was decannulated after a second 
procedure (SSLTR), but 2 years later required a sin- 
gle-stage tracheal resection to maintain an adequate 
airway. 


Of the 4 patients with grade IV SGS and a non- 
ossified cricoid cartilage, all were managed with a 
TSLTR. One patient pulled out her tracheostomy tube 
on postoperative day 5, tearing the wire through the 
Aboulker stent. Subsequently, the anterior costal car- 
tilage graft necrosed. All of these patients had post- 
operative restenosis that prevented decannulation. 
One patient had a second TSLTR and was decannu- 
lated 6 months later. 

Untreated GERD. In 4 patients, GERD was not 
diagnosed or treated until after an initial LTR failed. 
One of these patients initially had grade IV SGS with 
cricoid ossification. The other 3 patients, however, 


had no other identifiable risk factors for surgical fail- 
ure. All 4 of these patients were treated for GERD 
for at least 1 month following a subsequent SSLTR 
or CTR; all 4 procedures were successful. 


Trisomy 21. Five patients with trisomy 21 under- 
went LTR. As mentioned above, | patient with CLD 
developed postoperative RSV bronchiolitis, required 
tracheostomy, and eventually died of another bout of 
RSV bronchiolitis. Another patient required 4 UDIs 
because of cardiac arrhythmias. The SSLTR, how- 
ever, was successful. The 3 other patients with triso- 
my 21 underwent LTR without significant complica- 
tions. 


DISCUSSION 


RSV Bronchiolitis. Respiratory syncytial virus is 
considered the most important cause of viral lower 
respiratory tract infection (LRTD in infants and small 
children.’ Respiratory syncytial virus is an enveloped 
RNA virus of the paramyxovirus family. It infects 
and destroys the ciliated epithelial cells of the respi- 
ratory tract. A unique fusion protein enables this vi- 
rus to form intraluminal aggregates (or syncytium) 
of the cells it infects.8 These “syncytial cells” are 
pathognomonic of RSV infection (Fig 3). After RSV 
infection, mucociliary transport is compromised for 
weeks,’ and the airway may remain hyperreactive 
for years.!° 


Transmission of RSV occurs by the droplet route. 
The RSV is spread by human hands and is inocu- 
lated through the nasal mucosa or the eyes. A drop- 
let of nasal secretions with RSV remains infectious 
on skin or tissue paper for 30 minutes and on coun- 
tertops for over 6 hours.!! The RSV is not spread by 
long-distance small-particle aerosolization.!? The in- 
cubation period of RSV is 2 to 8 days, with an aver- 
age of 5 days. Viral shedding persists for 10 to 20 
days.!3 


Respiratory syncytial virus has a worldwide dis- 
tribution. In temperate climates, RSV causes annual 
cold weather epidemics, especially in urban areas. 
The peak months are during midwinter, but epidem- 
ics may begin as early as October or as late as May 
(in the northern hemisphere).!* In tropical climates, 
RSV epidemics usually occur during the wet sea- 
son.!> In the southeastern United States, year-round 
RSV epidemics have been described. 18 


Infection with RSV is very common. At least half 
of all children are infected in their first year of life, 
and almost all children have been infected by their 
second birthday.!’ Reinfections by RSV occur 
throughout life and are most prevalent among pre- 
schoolers. 


An RSV infection is heralded by clear rhinorrhea 
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Fig 3. Syncytial cells (arrows) and in- 
flammatory exudate obstructing small 
airways of child who died of severe RSV 
bronchiolitis (H & E, original x200). 


and fever. An LRTI occurs in about 40% of primary 
RSV infections.!§ In most children, an LRTI occurs 
by aspiration of infected nasal secretions. A tracheos- 
tomy or a nasotracheal tube, however, provides RSV 
with a direct conduit to the lower respiratory tract. 


When RSV infects the lower respiratory tract, it 
usually causes bronchiolitis or pneumonia. Laryngo- 
tracheobronchitis (croup) accounts for less than 5% 
of RSV-induced LRTI. The severity of LRTI is quite 
variable. Approximately 2% to 3% of children with 
LRTI from RSV require hospitalization.'* 


Clinically, severe RSV bronchiolitis is character- 
ized by fever, cough, tachypnea, retractions, diffuse 
wheezing, moist rales, hyperinflation, interstitial 
pneumonia, and atelectasis. Death from respiratory 
failure occurs in 1% to 5% of patients hospitalized 
for RSV.8 Children who die of RSV usually have at 
least 1 of the major risk factors for severe bronchio- 
litis’ (Table 4). In children who are otherwise healthy, 
reinfections by RSV are usually less severe than pri- 
mary infections.!? In children with risk factors for 
severe bronchiolitis, however, reinfection with RSV 
after the first year of life may still cause severe bron- 
chiolitis and death.’ 


Our study revealed significant morbidity from 
RSV bronchiolitis complicating SSLTR or CTR. 


TABLE 4. MAJOR RISK FACTORS FOR SEVERE 
RSV BRONCHIOLITIS 
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Prematurity 
Chronic lung disease 
Complex congenital heart disease 
Pulmonary hypertension 
Immunodeficiency 
Cystic fibrosis 

Information from Hail.’ 
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Morbidity was greatest in the children who had risk 
factors for severe RSV bronchiolitis. In fact. most 
children who undergo LTR or CTR have at least | 
risk factor for severe RSV bronchiolitis® (Table 4). 
Patients who undergo TSLTR may also develop RSV 
bronchiolitis. Children who undergo a single-stage 
procedure, however, tend to stay longer in the [CU 
and therefore are at greater risk for nosocomial trans- 
mission of RSV 


The majority of RSV infections occurring after LTR 
could be avoided. Regardless of age, if the patient is 
at risk for severe RSV bronchiolitis, then LTR should 
be timed appropriately. The otolaryngologist should 
contact the local infectious disease specialist to de- 
termine the regional seasonality of RSV. In temper- 
ate climates, in which RSV infection consistently fol- 
lows a seasonal pattern, LTR should nor be performed 
on high-risk children during the RSV season. If an 
off-season RSV epidemic occurs in the ICU, then 
LTR should be postponed. 


In regions in which RSV epidemics are unpredict- 
able or year-round (eg, the southeastern United 
States), seasonal surgery may not be effective in de- 
creasing the risk of postoperative RSV. For high-risk 
children in these regions, prophylaxis with intramus- 
cular palivizumab or intravenous RSV immunoglob- 
ulin?! may be considered prior to LTR or CTR. Con- 
sultation with the patient’s pulmonologist would be 
prudent. 


When any child undergoes LTR, all caregivers 
should observe standard infection control measures 
to prevent nosocomial transmission of RSV. Hand- ` 
washing is of prime importance.** The patient should 
be isolated from other children for the entire hospi- 
tal stay, starting in the outpatient surgery area. and 
ideally, should also be isolated from close contact 
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with other children for at least 1 week preoperatively. 


Pseudomonal Wound Abscess. One case of PWA 
complicating a TSLTR and causing subglottic reste- 
nosis was reported previously.® This is the first re- 
port of PWA complicating SSLTR or CTR. In our 
study, PWA caused significant immediate and long- 
term morbidity. 


Pseudomonas aeruginosa is an aerobic gram-nega- 
tive bacillus of the Enterobacteriaceae family.? It is 
a ubiquitous organism that grows in any moist envi- 
ronment. Pseudomonas preferentially binds to hu- 
man tracheobronchial mucin.”4 In children who have 
an artificial airway for longer than 10 days, Pseudo- 
monas is the most common respiratory pathogen.” 


Destruction of grafted tissue is known to occur 
once the bacteria concentration reaches 10° bacteria 
per gram.”° This bacterial concentration has also been 
shown to cause subglottic mucosal ulceration and 
subsequent chondritis of the cricoid following trache- 
ostomy.”’ These experimental models support the hy- 
pothesis that PWA may have caused cartilage graft 
necrosis and subsequent recurrence of SGS in 2 of 
our patients. 


In order to prevent pseudomonal and nonpseudo- 
monal wound abscesses, we recommend that all pa- 
tients who are scheduled for LTR or CTR have a pre- 
operative tracheal aspirate for bacterial culture and 
sensitivity testing. This test should be performed be- 
tween 3 to 7 days preoperatively, so that culture-di- 
rected intravenous antibiotics may be started at in- 
duction of anesthesia. If the culture and sensitivity 
testing reveal P aeruginosa that is sensitive to cefta- 
zidime, and if the patient is not hypersensitive to 
cephalosporins, then ceftazidime would be the most 
appropriate antibiotic.” In order to avoid induction 
of resistant strains of Pseudomonas, the length of 
prophylactic antibiotic therapy should be limited to 
48 hours or less. We therefore recommend discon- 
tinuing prophylactic antibiotics as soon as the drain 
site is closed and there is no sign of subcutaneous air 
leak, fluctuance, or cellulitis. 


In addition to culture-directed antibiotics, several 
other measures may reduce the risk of wound ab- 
scesses. First, malnutrition should be corrected pre- 
operatively and avoided postoperatively. Second, in 
order to prevent mechanical egress of contaminated 
tracheal secretions into the cervical soft tissue, an 
airtight seal of the cartilage graft should be obtained 
intraoperatively. This can be tested by flooding the 
wound with saline and ventilating to 30 cm H20 pres- 
sure while observing for air bubbles. If an air leak 
cannot be eliminated with sutures, then a fibrin ad- 
hesive may be useful.2® Postoperatively, the lowest 


peak pressures that provide adequate ventilation 
should be used. If the patient requires hand ventila- 
tion, then a manometer should be placed within the 
airway circuitry and observed during ventilation. 


If a wound abscess develops despite these mea- 
sures, then, in addition to incision and drainage and 
culture-directed antibiotics, we recommend a trial of 
endoscopic management. Debridement of necrotic 
tissue, carbon dioxide laser resection of granulation 
tissue, and reintubation may salvage the LTR. How- 
ever, if the subglottis does not heal adequately or if 
the patient is unstable, tracheostomy may be neces- 


sary. 


Combined RSV Bronchiolitis and Pseudomonal 
Wound Abscess. We postulate that the increased peak 
inspiratory pressures that were required to ventilate 
the patients with RSV bronchiolitis caused subcuta- 
neous air leak and mechanical egress of Pseudomo- 
nas into the cervical soft tissues and thus promoted 
the formation of PWA. 


Postparalysis Weakness and Narcotic andlor Ben- 
zodiazepine Withdrawal. Several recent studies have 
suggested specific measures to avoid postparalysis 
weakness and narcotic or benzodiazepine withdrawal 
after SSLTR. In 1995, a large series of patients man- 
aged successfully without neuromuscular blockage 
(NMB) was reported.* This management strategy was 
attempted in our patients who underwent SSLTR af- 
ter 1995, but was successful in only a few, older chil- 
dren. In 1996, daily interruptions of NMB were rec- 
ommended.’ Again, this management strategy was 
adopted; however, our rate of postparalysis weak- 
ness and narcotic or benzodiazepine withdrawal did 
not change appreciably. 


In a 1997 report, electrophysiological titration of 
NMB with daily recovery of neuromuscular func- 
tion and avoidance of prolonged simultaneous NMB 
and corticosteroids was statistically proven to de- 
crease weakness following extubation of children 
who underwent SSLTR.® This protocol merits fur- 
ther trials in children who are unable to tolerate naso- 
tracheal intubation without pharmacological support. 
Clindamycin should be avoided in the setting of 
NMB, because it has been associated with delayed 
recovery of neuromuscular function.”? 


Grade IV SGS and Ossified Cricoid Cartilage. For 
patients with grade IV SGS, a 40% SSLTR decan- 
nulation rate was reported previously.>° Our success 
rate with grade IV SGS was lower. Our study, how- 
ever, had fewer patients, as well as 2 patients with 
ossification of the cricoid cartilage and 1 patient who 
traumatized her own cartilage graft. These problems 
have not been reported previously. 
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On the basis of our experience, we recommend 
consideration of cricotracheal resection for patients 
with grade IV SGS and severe grade III SGS, espe- 
cially if the cricoid cartilage is ossified. To deter- 
mine if the cricoid cartilage is ossified in a patient 
with a hard SGS, the laryngeal framework should be 
exposed and tested with a needle prior to harvesting 
of a cartilage graft. This would assist intraoperative 
decision-making without the risk of contaminating a 
potential graft site. 


Untreated GERD. There is a high incidence of 
GERD in children with SGS.°>! Untreated GERD 
has also been associated with LTR failure.32 Several 
experimental models have shown that when trauma- 


tized subglottic mucosa is exposed to hydrochloric 


acid and pepsin, greater inflammation and stenosis 
result 2227 


Our data, although retrospective and limited, sup- 
port the hypothesis that untreated GERD contributes 
to the failure of LTR. Further, children with nega- 
tive preoperative tests for GERD may still be at risk 
for postoperative GERD because of the presence of 
nasogastric and endotracheal tubes. Therefore, we 
recommend elevation of the head of the bed and phar- 
macological treatment of GERD in all patients who 
undergo LTR, at least until no raw mucosal surfaces 
or granulation tissue are visible. 


Trisomy 2], In a previous report, 3 of 9 patients 
with trisomy 21 who underwent TSLTR required a 
second LTR to achieve decannulation.*° In our study, 





1 of 5 patients failed decannulation, with significant 
morbidity and eventual mortality caused by repeated 
RSV bronchiolitis. The LTR was successful in the 
other 4 patients with trisomy 21. We believe that LTR 
is appropriate in children with trisomy 21, with the 
caveat that the majority of these children have in- 
creased susceptibility to pulmonary infections, sec- 
ondary to immunoglobulin G subclass deficiency.>/ 


CONCLUSION 


Significant complications of pediatric LTR and 
CTR include RSV bronchiolitis, PWA, and restenosis 
of the subglottic larynx. Based on our experience, 
the data reported herein, and our review of the litera- 
ture, we propose the following prevention strategies. 


1. Children at risk for severe RSV bronchiolitis 
should have either seasonal surgery or preoperative 
RSV prophylaxis, depending on the local RSV epide- 
miology. 


2. All children should have a preoperative tracheal 
culture and receive culture-directed perioperative an- 
tibiotics. Intraoperatively, an airtight seal of the car- 
tilage graft should be obtained. 


3. Cricotracheal resection should be considered 
when the subglottic larynx is severely stenosed or os- 
sified. 


4. All children should be treated empirically for 
GERD until the subglottic larynx has healed. 
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PHARYNGEAL POUCH CARCINOMA: 
REAL OR IMAGINARY RISKS? 


PATRICK J. BRADLEY, FRCS 


AMIT KOCHAAR, MS 


M. SHAHED QURAISHI, FRCS 


NOTTINGHAM, ENGLAND 


Pharyngeal pouch or Zenker’s diverticulum presents to the otolaryngologist with symptoms of dysphagia. As supported by the 
published literature, the condition is more frequently seen in Northern Europe, especially the United Kingdom, than elsewhere in the 
world. The cause of the reported increased incidence in the United Kingdom is not known, but may be dietary. Surgical management 
is the treatment of choice and is directed at the cricopharyngeus muscle by either an external or an internal approach. There is a real 
risk of carcinoma or carcinoma in situ developing in a treated or untreated pharyngeal pouch. Excision of the pouch sac is recommended 
in younger patients, less than 65 years, and in patients who have a large pouch. If endoscopic diverticulotomy is performed, then 


long-term patient symptom follow-up is-to be advocated. 


. KEY WORDS — carcinoma, carcinoma in situ, pharyngeal pouch. 


INTRODUCTION 


Pharyngeal diverticula or pouches may be poste- 
rior, posterolateral, or lateral (pharyngocele), but the 
most commonly encountered type is the posterior pul- 
sion diverticulum.! There is usually a single opening 
at the dehiscence of the muscles of the inferior con- 
strictor (Killian’s triangle); however, to date, 3 dis- 
tinct varieties of double pharyngeal pouch have been 
described.* The disorder occurs more often in the 
northern part of Europe than in the southern part; it 
is common in the United States, Canada, and Aus- 
tralia, but rare in Japan and Indonesia.? A community 
study from the United Kingdom estimates an annual 
incidence of 2 per 100,000 people per year.* 


Zenker’s diverticulum is considered to be an ac- 
quired pouch located in the dorsal wall of the hypo- 
pharynx, immediately proximal to the transition from 
the hypopharynx to the esophagus; thus, it is also 
known as hypopharyngeal diverticulum or pharyngo- 
esophageal diverticulum. The symptomatology is 
virtually pathognomonic: dysphagia, regurgitation of 
undigested food, weight loss, fetor ex ore, borboryg- 
mi in the cervical region, coughing, and repeated as- 
piration.! The duration of the symptoms can vary 
from weeks to: years. Many different surgical meth- 
ods have been described for the treatment of symp- 
tomatic pharyngeal diverticula. Currently, only 2 of 
them are applied with frequency: transcutaneous di- 
verticulectomy and endoscopic treatment. It is dif- 
ficult to quantify the incidence of hypopharyngeal 
diverticula in the general population, as not all cases 


are reported, and centers with a special interest in 
these diverticula attract cases from other areas, and 
thus have inflated figures in relation to population. ! 


The histology of the hypopharyngeal pouch, when 
excised, usually shows a sac containing an epithelial 
lining that is stratified squamous epithelium, and the 
submucosa often shows fibrous tissue surrounding 
it. Nearer the neck of the sac, scanty muscle fibers 
are found in the wall. Occasionally, and usually re- 
ported as case studies, there are variations of serious 
histopathologies found, in particular, squamous cell 
carcinoma and occasionally carcinoma in situ. Other 
histologic oddities have been reported, including ul- 
ceration of the pouch with underlying submucosal 
infiltration by plasma cells, lymphocytes, and eosino- 
phils.! In a review of squamous cell carcinoma re- 
ported occurring within a pharyngeal diverticulum, 
only 40 cases could be identified up to 1986, with 
another 3 cases reported since that time.®® In cases 
with carcinoma, surgical excision was the only form 
of treatment to prolong life.> The main predisposing 
factor is thought to be chronic irritation and inflam- 
mation of the diverticular lining over many years, 
from food retention. A review? up to 1994 of carci- 
noma in situ occurring in a Zenker’s diverticulum 
reports only 6 cases; all 6 patients were alive at time 
of reporting, tumor-free, after simple excision of the 
pouch. 


Reviewed in this series are 91 cases of pharyngeal 
pouches (Zenker’s diverticulum) diagnosed and 
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treated at the Department of Otorhinolaryngology— 
Head and Neck Surgery at The University Hospital, 
Nottingham, England, over the period 1983 to 1997. 
We report 2 additional cases of pouch squamous cell 
carcinoma and 2 cases of carcinoma in situ. An up- 
dated review of the current literature is presented, 
and a suggested treatment algorithm is recommended 
in light of current surgical advances. — 


MATERIALS AND METHODS 


During the period from 1983 to 1997, 91 patients 
presented to our department for diagnosis and treat- 
ment. Sixty of the 91 (65%) were 60 to 80 years of 
age, with 5-patients presenting under 50, and 3 pa- 
tients over 90 years. All cases were investigated by a 
contrast radiology barium swallow study to confirm 
the clinical diagnosis. All pouches on diagnosis were 
classified by size, according to the Lahey!® staging 
of I to IH. Twenty patients had a stage I pouch, 47 
had a stage II pouch, and 24 had a stage III pouch. 
Symptoms recorded at the time of presentation were 
dysphagia in 71 patients, regurgitation in 56, reflux 
symptoms in 39, globus sensation in 23, aspiration 
in 21, and weight loss in 18. 


The recommended management of these patients 
was surgical in 78 and conservative (observation) in 
13. The patients who elected to follow nonsurgical 
management included 2 patients who refused surgery 
after assessment, and the remaining 11 patients were 
followed up annually. All those who died did so of 
unrelated causes. 


Surgical management was performed in 78 (64%) 
patients and included excision of the pouch and 
cricopharyngeal myotomy in 50 patients, Dohlman’s 
procedure in 15, inversion of the pouch and crico- 
pharyngeal myotomy in 7, and cricopharyngeal my- 
otomy and dilation in 6. 


All of the 50 pouches excised were sent routinely 
for histopathologic examination. The results iden- 
tified 2 cases of carcinoma in situ and 2 cases of in- 
vasive squamous cell carcinoma. Only 1 case, that 
of a patient with a squamous cell carcinoma, was 
suspected and diagnosed prior to endoscopy. In the 
remaining 3 cases, the diagnosis was made only on 
histopathologic examination. This revealed an ab- 
normal histopathology in 4 of 50 cases or an 8% risk 
of abnormality. 


Of the 2 patients who had squamous cell carcinoma 
diagnosed, 1 was a 68-year-old woman who had un- 
dergone a Dohlman’s procedure when 55 years of 
age. Because of unsatisfactory symptom improve- 
ment, she underwent a second Dohlman’s procedure, 
12 months later, with good symptom relief. After 10 


years, her symptoms returned, and she underwent ex- 
cision of the pouch. This surgery only gave a tempo- 
rary relief of symptoms. The dysphagia had worsened 
after a period of some 12 months prior to her referral ` 
at age 66. Her barium swallow study prior to the most 
recent surgery did not reveal any abnormality. She 
remains well, asymptomatic and tumor-free, more 
than 6 years following the most recent excision of 
the pouch and cricopharyngeal myotomy. 


The other patient was a 70-year-old man who had 
a squamous carcinoma in a pharyngeal pouch diag- 
nosed prior to endoscopy. The barium showed a hold- 
up in the upper esophagus with an irregular filling 
defect in the pouch. At endoscopy, the tumor was 
extensive and staged T4NO0. He underwent a pharyn- 
golaryngectomy and gastric transposition. Unfortu- 
nately, he developed a pharyngogastrocutaneous fis- 
tula that required closure by a pectoralis myocutane- 
ous flap. The patient died of bronchopneumonia 5 
days after surgery. 


The 2 patients who had carcinoma in situ identified 
in their excised pouch remain symptom-free and are 
free of tumor to date. One was a man of 76 years 
who had symptoms for 6 months prior to presenta- 
tion. He had a type III. pouch, underwent excision 
and myotomy, and remains well, tumor-free, at 3 
years. 


The second case was in a woman, 63 years old at 
presentation, who had symptoms for more than 5 
years and had a type IIT pouch on barium examina- 


© tion. She was treated by excision of the pouch and 


cricopharyngeal myotomy and remains well and 
asymptomatic, more than 11 years following surgery. 


In the latter 2 cases, endoscopy prior to excision 
did not show any abnormality in the pharyngeal 
pouch mucosa. 


DISCUSSION 


The first description of a pharyngeal pouch was 
made over 200 years ago, in 1769, by Ludlow of 
Bristol, who at postmortem discovered an abnormal 
dilatation of the posterior pharyngeal wall in a patient 
who had complained of dysphagia during life.!! In 
1877, Zenker and von Zeimssen,!? in reviewing 5 
cases of their own and 22 previous cases, clarified 
the then uncertain nature of a disease defined, as 
worded in Ludlow’s title, as a “preternatural dilata- 
tion of a bag formed in the pharynx.”!! 


A potential malignancy in a pharyngeal pouch 
should be suggested when there has been a sudden 
change in the severity of the normal symptoms, in 
particular, progressive dysphagia or aphagia. The pa- 
tients often complain of more marked regurgitation 
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TABLE 1. CARCINOMA IN PHARYNGEAL POUCH FOLLOWING DOHLMAN PROCEDURE 


Age When 
Cancer Time From 

Authors Year Diagnosed Sex Surgery (y) 

Dohiman!?3 1949 

Turner!4 1963 63 M 30 

Juby!5 1969 66 M 

Mack ali 1976 54 M 11 

Stevens | 1989 91 M 

This study 1999 65 F 5 


of sac contents, which sometimes may contain blood. 
Indeed, hematemesis may be the only presenting sign. 
Pain is an unusual symptom, but highly suggestive 
- of malignant change, and has been described.° This 
type of clinical presentation occurred in both cancer 
patients presented. However, 1 of the patients had 
already been treated by Dohlman’s procedure on 2 
occasions, and the pouch had been excised previous- 
ly, before worsening of her symptoms. Preoperative 
investigation did not reveal evidence of the serious- 
ness of the disease within the pouch, which was only 
revealed on pathological examination. To date, she 
remains well, asymptomatic, and tumor-free. A re- 
view of the literature shows 5 previously reported 
cases of malignancy developing in a pharyngeal 
pouch that had previously been treated by DohIman’s 
procedure (Table 16-13-16), Only 1 of the patients, who 
is reported here, had a long-term tumor-free survival. 
Surgery, if possible, would appear to be the preferred 
treatment in patients with anticipated long-term sur- 
vival. However, the majority of patients treated by 
any means have died within 2 years. 


In a thorough review of the published literature 
and reading of the original articles, the incidence of 
carcinoma in situ occurring in a pharyngeal pouch 
was 9 cases (Table 25:7,9,!7-20), The majority of cases 
(8/9 or 90%), at the time of reporting, were not diag- 
nosed or suspected clinically or at the time of endos- 
copy, and all were diagnosed by histopathologic ex- 


Treatment Outcome 


No details given 


Alive and well with recurrence 
at 6 mo 


Excision and radiotherapy 


Pharyngolaryngectomy Neck recurrence at 12 mo 
Radiotherapy Local recurrence (time unknown) 
Excision Cardiac arrest at 2 d 

Excision No evidence of disease at 5 y 


amination of the excised sac. All 8 patients had a 
large pouch presumed a stage II pouch and were in 
at least their sixth decade of life. The duration of 
symptoms, as recorded, did not give any clue to the 
results of the pathological examination, but all were 
“cured” of their high-risk neoplastic disease by sim- 
ple surgical excision. 


No treatment is indicated for a diverticulum with 
few symptoms, if the patient’s general condition is 
poor, or for transitory diverticula, Clearly, each case 
must be judged on its individual merits, with the pa- 
tient fully aware of the possible complications and 
potential benefits of operation. The basis of treatment 
is to correct the cause and remove the effect. It is 
agreed that pharyngeal pouches increase in size with 
time and that surgery is the preferred treatment. It is 
agreed by most surgeons that the cricopharyngeal 
sphincter is probably the main factor in the causation 
of posterior pharyngeal pulsion diverticulum, al- 
though the relationship between it and the pharyngeal 
constrictors in the causation is not yet understood. 


Radiologic examination of the upper alimentary 
tract provides a definitive diagnosis of a pharyngeal 
pouch. The radiographic study is incomplete if it does 
not include the lower esophagus, stomach, and duo- 
denum, in order to look for other abnormalities.! The 
presence of an associated sliding esophageal hiatus 
hernia is a frequent finding and of itself may require 
treatment. The majority of pouches protrude to the 


TABLE 2. CARCINOMA IN SITU IN PHARYNGEAL POUCH 


Duration of Size of 
Symptoms 


Authors `’ Year Age Sex 

Konjetzny}” 1934 64 F 

Bullock and Snyder!8 1952 66 M 3y 

Zonnevylle et al!? 1981 73 M 2 mo 

Baraka and Sadek?9 1985 75 M 2y 

Bowdler and Stell> 1987 70 M Months 

Burton and Lund? 1990 83 M 3y 

Kerner et al? 1994 66 M ly 

This study 1999 76 M 6 mo 
1999 63 F 5y 


Pouch Treatment Outcome 
Excision 
Excision NED at5 mo 
Excision ` NEID a Lima ` 
Excision SCC at 5 y, radiotherapy, died 
Norecord. Excision NED at6mo 
Stage III Excision NED at 16 mo 
Stage II Excision NED at 36 mo 
Stage II Excision NED at 36 mo 
Stage I Excision NED at lly 


NED — no evidence of disease, SCC — squamous cell carcinoma. 
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left cervical region, while only 10% protrude to the 
right; this has suggested that the side the pouch occurs 
on might be determined by the handedness of the 
patient.?! Barium swallow studies may demonstrate 
a filling defect, which needs to be differentiated from 
a food bolus. Food debris may move between films 
or repeated swallows. The diagnosis of carcinoma 
. ina pouch is usually seen in the distal two thirds of 
the pouch, but can be easily missed, the diagnosis 
frequently being made at surgery, when careful ex- 
amination with the esophagoscope should be per- 
formed. It is suggested that any loss of the smooth 
contour of the interior of a pouch seen on contrast 
radiographic studies should raise the suspicion of a 
tumor’s being present. In a review of the literature, a 
radiographic diagnosis of carcinoma in a pharyngeal 
pouch was made preoperatively in 14 of 47 cases, 
suggesting an incidence of at least 29.8%.° All cases 
of carcinoma in situ had incidental findings on path- 
ological examination of the diverticula. 


There have been attempts to describe the size of 
the pouch as demonstrated by contrast radiology. One 
such system frequently referred to in published lit- 
erature is by Lahey! (1930), who described 3 stages: 
stage I has small mucosal protrusions (the initial 
stage); stage II is a definite sac, but with the esoph- 
agus and hypopharynx still in line (the intermediate 
stage); and stage III is a large sac with the hypo- 
pharynx in line with the neck of the diverticulum 
and the esophagus inlet pushed anteriorly. 


Other, more practical systems have been described 
that are easier to use and apply universally. The 
system used by Morton and Bartley” describes small 
pouches as less than 2 cm, medium pouches as 2 to 4 
cm, and large pouches as more than 4 cm. Another 
method, used by van Overbeek and Groote,? uses cer- 
vical vertebra bodies as a standard size, describing 
the pouch as small if it is equal to or less than 1 ver- 
tebra in size; large pouches are more than 3 vertebrae 
in size. 


Many different surgical techniques have been de- 
scribed for treating pharyngeal pouches. External ap- 
proaches basically involve approaching the crico- 
pharyngeal muscle band through the neck, identifying 
the pouch, and performing a cricopharyngeal myot- 
omy. The pharyngeal pouch itself can be inverted,?4 
mobilized, and suspended superiorly as a diverticulo- 
pexy,”? excised, and closed traditionally by the suture 
technique, or can be excised and closed by a stapling 
device.** The endoscopic techniques essentially per- 
form a diverticulotomy and an internal cricopharyn- 
geal myotomy; the classic Dohlman’s procedure di- 
vided the common septum with electrocautery.25.26 
Recent modifications of his method include the use 


of carbon dioxide?’ and potassium titanyl phosphate 
532 lasers.28 Currently, improved endoscopes and 
linear cutting stapling devices?? have become very 
popular, with minimal hospitalization and return to ` 
normal swallowing within days of surgery. 


Surgical treatment of a pharyngeal pouch is far 
from “routine surgery,” with a morbidity ranging 
from 4% to 47% and a mortality rate of 0% to 5%.30 
An endoscopic approach is simpler and less time- 
consuming; however, the risk of major complications 
persists, with quoted rates of between 10% and 31%.?! 
In considering treatment of a pharyngeal pouch in 
today’s world of health care economics, cost-effec- 
tiveness of treatment and reduction in the time spent 
in surgery and follow-up is important. The advantage 
of an endoscopic method is a shorter anesthetic time 
combined with a reduced postoperative rehabilitation 
period. The recurrence rate, and patient satisfaction, 
frequently not alluded to, have been summarized by 
Parker and Hawthorne. The recurrence rates vary 
considerably, from between 10% and 79% for Dohl- 
man’s procedure to between 2% and 33% for excision 
and myotomy in the UK series.32 Short- and long- 
term follow-ups of patients testify to a satisfactory 
outcome in 90% or more patients treated by any sur- 
gical method.* One series states that almost 40% of 
patients treated had died, on average, at the age of 
75.6 years, none of these deaths being related to sur- 
gery, and prolonged relief of symptoms had been 
achieved in all cases.4 


Long-term assessment (>10 years) of swallowing 
after diverticulectomy with cricopharyngeal myot- 
omy showed a multitude of abnormalities, even among 
those patients who were asymptomatic. Excision of 
the pouch does not appear to restore a normal swal- 
lowing mechanism.*334 In a comparison of endo- 
scopic stapling and external pouch excision and cri- 
copharyngeal myotomy, all patients treated by an ex- 
ternal approach showed no residual pouch, whereas 
all patients who had endoscopic techniques per- 
formed showed some residual pouch.3> However, it 
was remarked that all patients treated were “happy” 
with the outcome of their operation. A review*® of 
current surgical practices of pharyngeal pouch sur- 
gery in England and Wales, carried out in 1995 and 
including otolaryngologists, general surgeons, and 
cardiothoracic surgeons, showed that pouch excision 
remained, at that time, the most common method in 
use. It was also remarked that the use of endoscopic 
stapling diverticulotomy was rapidly being adopted. 
In a recent series of publications on patient satisfac- 
tion, periods of hospitalization, and patients’ return 
to “normal” swallow, surgeons concluded that endo- 
scopic stapling should become the method of choice 
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for the treatment of all pharyngeal pouches.37-39 


All of the series that continue to support the option 
of conservative open surgical procedures — diver- 
ticulopexy, inversion or imbrication, and myotomy 
alone — or that advocate endoscopic methods such 
as the conventional Dohlman’s coagulation meth- 
od or endoscopic stapling, have not encountered a 
single case of pouch carcinoma or carcinoma in 
sity.21-24,26-29,31-38,40 However, authors*3939 who ad- 
vocate endoscopic methods in general consider that 
large pouches (>4 cm) should be excised in the tra- 
ditional fashion. The authors of this report agree with 
the algorithm suggested by Bonafede et al°®: small 
pouches (stage I) can be treated by cricopharyngeal 
myotomy alone, but if the “sac” pezsists after myot- 
omy, then an “inversion technique” is used if the per- 
sisting sac is small, including usually the smaller 
stage H cases; the remaining cases — large stage H 
and all stage IH — should undergo a diverticulectomy 
and cricopharyngeal myotomy with histopathologic 
examination of the sac. Naturally, all patients who 
are to undergo surgical management of a symptom- 
atic pouch must have endoscopic examination of the 
mucosal lining before any form of surgery. It must 
be noted that barium and endoscory before surgery 
should diagnose the majority of cases of carcinoma. 
But cases of carcinoma in situ or small invasive car- 
cinomas may be detected only at histopathologic ex- 
amination of the pouch after excision. One current 
problem is for younger patients (€0 years or less): 
should they undergo an endoscopic procedure (stap- 
ling or septum coagulation), there 1s likely to persist 
a radiologic pouch, in spite of relief of symptoms. 
Will the persisting pouch continue to be irritated by 
a sticking food bolus or other irrizants? And, with 
the passage of time, will they be at r-sk of developing 
a carcinoma in situ and eventually invasive carcino- 
ma? 


It isto be currently recommended that all patients 
should be informed of the real but small risk that 
early carcinoma may be located in the pouch or de- 
velop at a later stage over the course of years, if the 
pouch is not excised at the initial presentation, and 
certainly if the pouch is stage II or stage IIL. It is 
currently important that patients who have been 
treated surgically have their posttreatment symptoms 
recorded and that the long-term natural history of 
conservative surgical procedures be documented. 
This should be done whether the patient’s pharyngeal 
pouch has been managed endoscopically or by an 
external approach. It is only by long-term follow-up 
of such patients that the newer and seemingly “user- 
friendly” procedures can be introduced as standard 
procedure, and the “old-fashioned’ methods aban- 
doned., 


To date, there has been documented 1 case of a 
man age 66 who refused surgical treatment 25 years 
previously, with a documented follow-up, who devel- 
oped a small squamous carcinoma involving the di- 
verticular wall, and he was successfully treated by 
surgery, radiotherapy, and concomitant chemother- 


apy.® 


The natural history of a pharyngeal pouch is that 
it will get bigger with time, once muscle weakness 
in the inferior constrictor has commenced. The ma- 
jority of patients present with symptoms in their sev- 
enth decade or older. Their symptom relief, with min- 
imal morbidity, is the main goal of surgical treatment. 
However, the younger group of patients, those under 
the age of 65 years, should be considered for excision 
of the pouch with pathological examination and a 
long cricopharyngeal myotomy. Long-term follow- 
up should be considered. Endoscopic examination of 
the whole esophagus should be undertaken if symp- 
toms persist or recur. 
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IDENTIFICATION OF POSTERIOR CRICOARYTENOID 
MOTONEURONS IN THE RAT 
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The posterior cricoarytenoid (PCA) muscle is the sole abductor of the larynx and is controlled by motoneurons located m the 
nucleus ambiguus. These motoneurons receive inputs from a variety of interneurons, including those that impart respiratory modula- 
tion, and are responsible for the phasic inspiratory activity of the PCA muscle. Identification of PCA motoneurons is therefore an 
essential initial step in understanding the mechanisms responsible for coordinated vocal cord abduction. We identified PCA moto- 
neurons in the rat model by retrograde labeling, and following antidromic activation. A total of 194 neurons were identified by 
retrograde labeling with cholera toxin B subunit (CTB). Labeling was exclusively ipsilateral where the contralateral vagus and 
superior laryngeal nerves had been divided. The neurons were multipolar, with dimensions of 33.2 + 6.4 um (mean + standard 
deviation) in length and 22.4 + 3.4 um in width. The neurons were located within a range of 0.6 to 2.4 mm caudal to the caudal pole 
of the facial nerve, 1.2 to 1.7 mm lateral to the midline, and 1.5 to 2.3 mm deep to the dorsal surface of the medulla. The PCA 
motoneurons were antidromically activated by focal stimulation of the PCA muscle. The extracellular field was recorded in 5 rats, 
and the PCA motoneurons were found within a range of 0.8 to 1.7 mm caudal to the caudal pole of the facial nerve, 1.5 to 2.0 mm 
lateral to the midline, and 1.9 to 2.4 mm deep to the dorsal surface of the medulla. The mean conduction velocity ranged from 37.0 
+ 5.8 to 68.6 + 5.0 m/s. An extracellular antidromic field potential, which corresponds to the distribution of the PCA metoneuron 
pool demonstrated by retrograde labeling with CTB., can be reliably obtained in a rat model following focal PCA muscle stimulation. 


KEY WORDS — motoneuron, nucleus ambiguus, posterior cricoarytenoid muscle, retrograde labeling, vocal cord. 


INTRODUCTION 


Coordination of laryngeal muscle activity with res- 
piration ts essential to ensuring that vocal cord abduc- 
tion occurs during inspiration and upper airway pa- 
tency is maintained. The motoneurons responsible 
for abduction of the vocal cords are those control- 
ling the posterior cricoarytenoid (PCA) muscle, which 
is the sole abductor of the larynx. Interneurons im- 
parting respiratory control to these motoneurons are 
responsible for the characteristic phasic inspiratory 
activity of the PCA muscle, which has been well doc- 
umented in both animals!-!* and humans.!3-19 


The PCA motoneurons represent the final com- 
mon pathway in motor control of the PCA muscle, 
and like other, similar motoneurons in the medulla 
and phrenic motoneurons in the spinal cord, they sub- 
serve a primary respiratory function. These cranial 
and spinal motoneurons display respiratory modula- 


tion of their activity and are regulated by a variety of 


interneurons in the ventrolateral medulla that are in 
turn controlled by other neurons in the brain stem. 


EE EERE NARNIA MA tl tll I TR I HIE RAR AAA PAA m eame iA AAAI ASS 


However, neither the circuitry nor the mechanism 
by which respiratory neurons interact to control the 
rate, depth, and pattern of breathing is clearly under- 
stood. The end product of these complex central in- 
tegration and control systems is manifested by the 
phasic inspiratory activity of each PCA muscle fi- 
ber, as conveyed by the terminal divisions of the PCA 
branch of the recurrent laryngeal nerve. 

The ability to maintain normal vocal cord abduc- 
tion and upper airway patency is dependent on the 
integrity of the PCA motoneurons and their multiple 
neural connections. Study of the PCA motoneurons 
represents the first step in understanding the com- 
plex mechanisms responsible for coordinated vocal 
cord abduction and may provide an insight into the 
possible pathological processes underlying congeni- 
tal bilateral vocal cord paralysis and other clinical 
manifestations of vocal cord dysfunction. 

The PCA motoneurons are located in the nucleus 
ambiguus, which is a rostrocaudally elongated col- 
umn of neurons embedded in the ventrolateral me- 
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dulla. It contains visceral efferent neurons whose 
axons are distributed by the glossopharyngeal nerve, 
vagus nerve, and cranial root of the accessory nerve 
to supply the muscles of the palate, pharynx, larynx, 
and esophagus. Cardiac striated muscle and smooth 
muscle of the respiratory and gastrointestinal tracts 
are also supplied. The nucleus ambiguus is subdi- 
vided into a rostral esophagomotor compact forma- 
tion, an intermediate pharyngomotor semicompact 
formation, a caudal laryngomotor loose formation, 
and a general visceromotor external formation.2° 


The orderly topographic distribution of laryngeal 
motoneurons in a rostrocaudal arrangement within 
the nucleus ambiguus of the cat and dog was first 
observed by Szentagothai*! in 1943. He placed the 
cricothyroid motoneurons most rostrally, and then 
in caudalward order, the PCA, thyroarytenoid, later- 
al cricoarytenoid, and interarytenoid motoneurons. 
Lawn? in 1966 used retrograde degeneration tech- 
niques to observe regional localization of laryngeal 
motoneurons in rabbits. The cricothyroid motoneu- 
rons were in the rostral third of the nucleus ambiguus, 
and the motoneurons whose fibers were distributed 
by the recurrent laryngeal nerve were located in the 
caudal two thirds of the nuclear column. 


Techniques currently used for identification of 
brain stem motoneurons include retrograde labeling 
and antidromic activation. The use of retrograde trac- 
ers for labeling motoneurons of individual laryngeal 
muscles was first described by Gacek,” in 1975, af- 
ter he injected horseradish peroxidase into the indi- 
vidual laryngeal muscles of kittens, including the 
PCA, to trace retrograde axoplasmic flow into the 
cytoplasm of laryngeal motoneurons. The location 
of PCA motoneurons within the nucleus ambiguus 
in the ventrolateral medulla has also been demon- 
strated in a number of other species by means of horse- 
radish peroxidase*+** and a variety of other retrograde 
tracers, including fluorescent dyes, 8 viruses,” and 
cholera toxin.*© 


Double-labeling techniques have also been suc- 
cessfully applied for simultaneous identification of 
PCA motoneurons and their connections. Holtman** 
demonstrated serotonin-containing and substance P— 
immunoreactive fibers and varicosities around ret- 
rogradely labeled PCA motoneurons, while Arita et 
al,*° in a similar study, found serotonin-immunoreac- 
tive terminals surrounding the somata and proximal 
dendrites of PCA motoneurons. 


Antidromic activation of a neuron can be elicited 
by stimulation of the peripheral part of the axon, 
which evokes an action potential that is conducted 
in a retrograde direction toward the cell body. This 


action potential then invades the cell body, from 
which it can be recorded extracellularly or intracel- 
lularly. Antidromic excitation, as described by Lip- 
ski,4! was first used in extracellular studies, but could 
not be fully characterized until intracellular record- 
ing techniques were applied. The early extracellular 
studies were reviewed by Eccles,4? while the initial 
intracellular studies were described in &-motoneu- 
rons by Brock et alf and Fuortes et al 23 and in pyra- 
midal tract cells by Phillips.*° 


Respiratory neurons of the ventrolateral medulla 
can be identified by their antidromic activation as 
being laryngeal or bulbospinal following stimulation 
of the vagus nerve and its branches or the spinal cord, 
respectively. 


Both extracellulart®>! and intracellular-°° record- 
ings have been made from antidromically activated 
laryngeal motoneurons to specifically study their 
morphology and electrophysiological properties fol- 
lowing stimulation of the cervical vagus, recurrent 
laryngeal, and superior laryngeal nerves. Motoneu- 
rons of an individual laryngeal muscle innervated by 
the recurrent laryngeal nerve, however, have not pre- 
viously been identified by their antidromic activa- 
tion, and current knowledge regarding PCA motoneu- 
ron location and morphology ts limited to retrograde 
labeling techniques as outlined. 


Identification of antidromically activated PCA 
motoneurons would require either stimulation of the 
PCA branch of the recurrent laryngeal nerve or focal 
stimulation of the PCA muscle itself. In a previous 
report from our laboratory, the intramuscular nerve 
distribution of the PCA branch of the recurrent laryn- 
geal nerve in the rat was described?’ The nerve and 
its superior and inferior terminal branches appeared 
to be too fine to isolate for direct stimulation; how- 
ever, distribution of the nerve appeared to be con- 
fined to the PCA muscle. This finding suggests that 
focal stimulation of the PCA muscle would result in 
antidromic activation of PCA motoneurons alone. 
Further, the specific site of simulation within the mus- 
cle does not appear to be critical, because despite 
the anatomic and functional evidence for compart- 
mentalization, electromyographic studies have dem- 
onstrated an essentially uniform pattern of phasic in- 
spiratory activity under general anesthetic through- 
out the PCA muscle. 


A study was undertaken to identify PCA motoneu- 
rons in the rat by both retrograde labeling and anti- 
dromic activation. 


Unconjugated cholera toxin B subunit (CTB) is a 
sensitive retrograde tracer when visualized by immu- 
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nohistochemistry, especially in the central nervous 
system. In this study, PCA motoneurons were iden- 
tified following application of CTB to the PCA mus- 
cle in rats both with and without prior division of the 
contralateral cervical vagus and superior laryngeal 
nerves. 


The PCA motoneurons were antidromically acti- 
vated by focal stimulation of the PCA muscle together 
with extracellular field recording, to map the distri- 
bution of PCA motoneurons within the ventrolateral 
medulla and compare the findings with those ob- 
tained by retrograde labeling with CTB. 


METHODS 
RETROGRADE LABELING 


Animal Preparation. Experiments were conducted 
on 6 Sprague-Dawley rats (300 to 500 g) anesthe- 
tized with pentobarbital sodium (30 mg/kg) intraperi- 
toneally. The larynx was exposed via a horizontal 
skin incision, and the inferior constrictor muscle was 
divided to allow rotation of the larynx to the left with 
exposure of the right PCA muscle. Care was taken 
to avoid damage to the right recurrent laryngeal nerve. 
The left cervical vagus and superior laryngeal nerves 
were divided in A of the 6 rats. We injected CTB 
(1%, List Biologicals, Campbell, Calif; 0.3 to 0.5 
uL) using a micropipette into the right PCA muscle, 
and the neck incision was sutured. Those rats under- 
going division of the left vagus and superior laryn- 
geal nerves exhibited temporary stridor, but recov- 
ery was otherwise unremarkable. Rats were painless- 
ly sacrificed 24 hours later — sufficient time to al- 
low the retrograde axoplasmic transport of CTB into 
the brain stem. 


Immunohistochemistry. Rats were perfused through 
the left ventricle of the heart with 200 mL of oxy- 
genated tissue culture medium (Sigma Chemical Co, 
St Louis, Mo; D-8900), followed by 1 L of 4% for- 
maldehyde in 0.1-mol/L phosphate buffer, pH 7.4. 
The brain stem was post-fixed overnight in the same 
fixative. Serial 50-um transverse sections were cut 
through the brain stem and processed to reveal CTB 
immunoreactivity. Sections were incubated for 30 
minutes in 10% normal horse serum (NHS) diluted 
with immunobuffer (IB; 10-mmol/L Tris, 0.9% so- 
dium chloride, 0.05% thimerosal, Sigma Chemical 
Co, St Louis, Mo: T-5125, in 10-mmol/L sodium 
phosphate buffer containing 0.3% Triton X-100) and 
then in ExtrAvidin—horseradish peroxidase (1:500, 
Sigma Chemical Co) in IB containing 10% NHS for 
24 hours. Sections were then incubated with goat an- 
tiserum to CTB (1:100,000, List Biologicals) in IB 
containing 10% NHS for 48 to 72 hours, followed 


by overnight incubations in biotinylated donkey anti- 
goat immunoglobulin (1:1,000, Jackson ImmunoRe- 
search, Inc, West Grove, Pa) in JB containing 1% 
NHS, and a 4-hour incubation with ExtrAvidin— 
horseradish peroxidase (1:1,500, Sigma Chemical 
Co) in IB. The CTB immunoreactivity was revealed 
by an imidazole-intensified diaminobenzidine reac- 
tion (Llewellyn-Smith et al°’). All incubations were 
carried out at room temperature with gentle agita- 
tion, and sections were washed in 3 changes of IB 
after each incubation. Sections were mounted onto 
glass slides, dehydrated, and cover-slipped in DePeX 
for analysis by light microscopy and color photog- 
raphy. Analog images were scanned (Kodak Slide 
Scanner) and saved as tagged image file format (TIFF) 
files. Small changes were made in brightness and con- 
trast with Adobe Photoshop version 3.0. 


ANTIDROMIC ACTIVATION 


Animal Preparation. Extracellular field potentials 
were recorded from 5 adult Sprague Dawley rats (300 
to 500 g). Anesthesia was induced by intraperitoneal 
injection of pentobarbital sodium (30 mg/kg) and 
maintained with additional intravenous doses (3 mg/ 
kg) as required. Cannulae were inserted into the fem- 
oral vein and artery for drug administration and ar- 
terial blood pressure monitoring, respectively. Rec- 
tal temperature was monitored and a heating blanket 
and infrared lamp were used to maintain tempera- 
ture at 37°C to 38°C. 


By a dorsal paramedian approach, the scapula was 
retracted laterally to expose the brachial plexus and 
thereby allow identification of the roots of the phrenic 
nerve. A length of phrenic nerve was dissected and 
the nerve was divided distally and prepared for stan- 
dard bipolar recording using silver electrodes. Dis- 
section was then carried medial to the common ca- 
rotid artery to locate the esophagus and trachea. The 
esophagus was divided and the upper end was re- 
flected rostrally to expose the paired PCA muscles. 
The dissection was bathed in mineral oil to prevent 
drying. The marginal mandibular branch of the fa- 
cial nerve was exposed for bipolar stimulation through 
a separate cheek incision. 


A tracheal cannula was inserted and the rat was 
paralyzed with pancuronium bromide (1.0° mg/kg) 
and artificially ventilated with oxygen-enriched air. 
End-tidal carbon dioxide level and endotracheal pres- 
sure were monitored. Additional doses of pancuro- 
nium (0.5 mg/kg) were administered as required to 
maintain neuromuscular blockade after establishing 
that there was no response to noxious stimull. 


The preparation was mounted in a stereotaxic 
frame that enabled fixation of the skull and spinal 
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column, and bilateral pneumothoraces were made to 
minimize transmitted respiratory movement. A po 
terior fossa craniectomy was performed together with 
removal of a portion of the parietal and occipital 
bones to expose the brain stem. A cervical laminec- 
tomy from CI to C6 was carried out to limit move- 
ment of the brain stem during recording. The dura 
was opened. 





Electrophysiology. Phrenic nerve discharge was 
amplified (bandwidth 100 Hz to 3 kHz), full wave 
rectified, and integrated (time constant 50 millisec- 
onds). Mapping of the antidromic field was carried 
out with glass microelectrodes containing 3-mol/L 
odium chloride (resistance 1 MQ) controlled by a 
M20H piezo-hybrid manipulator (Bachofer, Ger- 
many). The signal was averaged after 20 to 10 
sweeps. A CED1401 data acquisition system (CED. 


Cambridge, England) was used and data were ana- 
lyzed and pictorially represented with Spike 2 (CED 














Fig 2. Photomicrograph of multiple po 
terior cricoarytenoid motoneurons retro- 
gradely labeled by cholera toxin B sub- 
unit, 





D 


“ig 1. Photomicrograph of single poste- 
rior cricoarytenoid motoneuron retro- 
gradely labeled by cholera toxin B sub- 
unit. 





and Core ! (Corel, Canada), respectively. 


The location of the caudal border of the facial nu- 
cleus was mapped by recording the ipsilateral anti- 
dromic field potential obtained by bipolar stimula- 
tion of the marginal mandibular branch of the facial 
nerve to serve as a reference point for rostrocaudal 
localization of the PCA motoneurons. The PCA mo- 
toneurons were mapped by recording the ipsilateral 
field potential following focal bipolar stimulation (4 
to 7 V) of the PCA muscle. In addition to rostrocaudal 
orientation, the position of the extracellular field was 
also described by the lateral distance of the electrode 
from the midline, and depth with respect to the dor- 
sal surface of the brain stem. Recordings of the PCA 
motoneuron field potential were made at multiple 
sites to obtain a 3-dimensional grid, by varying each 
recording | dimension at a time by 100 um. The cri- 
teria used to confirm antidromic activation of neu- 
rons were a fixed latency response in an all-or-none 








Berkowitz et al, Identification of Motoneurons 


TABLE 1. VALUES FOR CAUDAL DISTANCE, 
LATERAL DISTANCE, AND DEPTH OF CTB-LABELED 


PCA MOTONEURONS 
Location Mean +SD Range 
Caudal 1.47 + 0.42 0.6-2.4 
Lateral 1.51 +0.10 1.2-1.7 
Depth 2.00 + 0.17 1.5-2.3 


Location of labeled neurons is described as distance caudal to cau- 
dal pole of facial nucleus, distance lateral to midline, and depth with 
respect to dorsal surface of medulla. Values are expressed in milli- 
meters. 


CTB — cholera toxin B subunit, PCA — posterior cricoarytenoid. 


manner, a triphasic (positive-negative-positive) field, 
and collision of antidromic spikes with spontaneous 
discharges. Fields were regarded as being represen- 
tative of the site of PCA motoneurons if the voltage 
was 220% of the maximum baseline shift recorded 
for that animal. 


The animal experimentation in this study was ap- 
proved by the Animal Ethics Committee, Royal North 
Shore Hospital, St Leonards, New South Wales. 


RESULTS 
RETROGRADE LABELING 


A total of 194 neurons were labeled. In the 2 rats 
in which the contralateral vagus and superior laryn- 
geal nerves were not divided, 16 neurons were ipsi- 
lateral to the side of PCA injection and 3 were con- 
tralateral. All 175 labeled neurons in the 4 rats in 
which the contralateral vagus and superior laryngeal 
nerves were divided were ipsilateral. 


The neurons were multipolar, with dimensions of 
33.2 + 6.4 um (mean + standard deviation) in length 
and 22.4 + 3.4 um in width. Examples of labeled 
single and multiple neurons are shown in Figs 1 and 
2, respectively. Locations of the labeled neurons are 
listed in Table 1. 


ANTIDROMIC ACTIVATION 


The range over which extracellular antidromic 
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2ms 


Fig 3. Example of extracellular field recording made fol- 
lowing focal stimulation of PCA muscle. 


field potentials were recorded following focal stimu- 


Jation of the PCA muscle in 5 rats, and the site at 


which the largest field was obtained are listed in Table 
2. An example of an extracellular antidromic field 
recording is shown in Fig 3. 


The latency was measured for both the onset and 
conclusion of the antidromic response. Details re- 
garding the latency and conduction velocity are listed 
in Table 3. Estimation of the conduction velocity was 
based on distances along the recurrent laryngeal 
nerve from the PCA muscle to the motoneuron of 
125 mm on the left and 105 mm on the right. The 
conduction velocity ranged from 37.0 + 5.8 (mean + 
standard deviation) to 68.6 + 5.0 m/s. 


DISCUSSION 


Retrograde labeling of PCA motoneurons in the 
rat has previously been reported,2>.3!.34,39 and a sum- 
mary of the findings is presented in Table 4 to serve 
as a comparison with the results obtained in this study 
using CTB. 


In this study, the caudal pole of the facial nucleus 
was used as the rostrocaudal reference point for PCA 
motoneurons rather than the obex, to enable the re- 
sults to be compared with those obtained by electro- 
physiological studies, where the facial nucleus regu- 
larly serves as a landmark and point of orientation 


TABLE 2. LOCATION OF EXTRACELLULAR FIELD POTENTIAL RECORDED FOLLOWING FOCAL PCA MUSCLE 


STIMULATION 
Caudal: Lateral: Depth: Caudal: Lateral: Depth: 

Animal Side Range Range Range Maximum Maximum Maximum 

l L 0.5-1.5 1.4-2.0 1.7-2.4 1.1 1.7 22 

2 R 0.8-2.0 1.5-2.1 1.7-2.3 1.5 1.7 1.9 

3 R 0.8-1.8 1.5-1.9 2.0-2.4 1.5 1.7 22 

4 L 0.9-1.7 1.5-2.1 1.8-2.5 Ka. 1.7 2.2 

5 R 1.1-1.7 1.5-1.9 2.1-2.3 1.5 1.8 22 
Mean 0.8 (0.2)- 1.5 (0.1)- 1.9 (0.2)- 1.4 (0.2) 1.7 (0.1) 2.1 (0.1) 

(SD) 1.7 (0.2) 2.0 (0.1) 2.4 (0.1) 


Maximum values represent site in which largest field was recorded. Location of neurons is described as distance caudal to caudal pole of facial 
nucleus (caudal), distance lateral to midline (lateral), and depth with respect to dorsal surface of medulla (depth). Values are expressed in 
millimeters. 
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TABLE 3. LATENCY OF ANTIDROMIC RESPONSE 
AND ESTIMATED CONDUCTION VELOCITY 


Conduction 
Latency: Latency: Velocity: 
Onset Conclusion Range 
Animal Side (ms) (ms) (mis) 
1 L 1.6 2.8 78-45 
2 R 1.6 3.0 66-35 
3 R 1.6 2.8 66-38 
4 L 2.0 3.9 63-32 
5 R 1.5 3.0 70-35 


for medullary neurons. Reproducibility of data is 
greater compared with a reference point on the sur- 
face of the medulla in electrophysiological studies, 
because use of the caudal pole of the facial nucleus 
minimizes the variability resulting from rostrocaudal 
angulation of electrode insertion away from the plane 
perpendicular to the surface of the medulla. 


The obex is approximately 2.6 mm caudal to the 
caudal pole of the facial nucleus.’ This study is there- 
fore in agreement with the findings of Portillo and 
Pasaro,*! who used fluorescent dyes to localize PCA 
motoneurons immediately rostral to the obex. There 
is, however, an overall lack of uniformity between 
the results reported in the various studies of PCA 
motoneurons in rats using retrograde labeling tech- 
niques, with regard to both rostrocaudal location and 
neuron morphology. This could be explained in part 
by the differences in physical properties of the retro- 
grade tracers used, particularly the variability of up- 
take at the motor end plate, and the possibility of 
spread to adjacent muscles. 


There has been inconclusive evidence from retro- 
grade tracer studies supporting bilateral representa- 
tion of PCA and other laryngeal motoneurons in rats. 
Fay et al,39 using pseudorabies virus, demonstrated 
bilateral labeling of PCA motoneurons in a study in 
which they removed the superior cervical ganglia bi- 
laterally to prevent spread along laryngeal sympathet- 
ic fibers. Karim and Leong® reported bilateral nu- 


cleus ambiguus labeling following immersion of the 
cut end of the left cervical vagus nerve in horserad- 
ish peroxidase. Both Pasaro et al26 and Lobera et alô! 
found additional labeling of the contralateral nucleus 
ambiguus following injection of the laryngeal mus- 
cles with horseradish peroxidase despite division of 
the contralateral recurrent laryngeal nerve. In all of 
these studies, dye spillage or contralateral spread of 
dye within the larynx conveyed along the contralat- 
eral recurrent or superior laryngeal nerve may have 
been responsible for the contralateral motoneuron 
staining observed. 


In this CTB study, 3 of 19 labeled neurons were 
contralateral, but in the subsequent experiments in 
which the contralateral cervical vagus and superior 
laryngeal nerves were divided, all 175 labeled neu- 
rons were ipsilateral to the side of the PCA muscle 
to which CTB was applied. This strongly suggests a 
purely ipsilateral brain stem representation for the 
PCA muscle in the rat. 


Data regarding the dimensions of PCA motoneu- 
rons in the rat displayed in Table 4 do not show any 
uniformity. The findings in this study are, however, 
comparable with those reported by Saxon et al® for 
retrogradely labeled laryngeal motoneurons in the 
rat; they found dimensions of 41.7 + 7.7 um (mean 
+ standard deviation) in the long axis and 30.2 + 6.4 
um in the short axis. 


While retrograde labeling studies provide valuable 
information, problems related to the application and 
uptake of dyes can be avoided and more detailed in- 
formation obtained by employing electrophysiologi- 
cal techniques for identification of PCA motoneu- 
rons. 


The dorsal approach to the larynx described com- 
bines exposure of the PCA muscle for focal stimula- 
tion together with access via a posterior fossa craniec- 
tomy to the brain stem for recording of the antidro- 
mic field generated. Reproducible data were obtained 
regarding the location and distribution of the PCA 


TABLE 4. RETROGRADE TRACER STUDIES OF PCA MOTONEURONS IN RAT 


Hinrichsen Portillo 
and Ryan?” and Pasaro#! Flint et al Fay et of? 
Retrograde tracer ` Horseradish peroxidase Diamidino yellow Fast blue Pseudorabies virus 
and true blue 
Rostrocaudal Main peak immediately caudal to Obex to 1.3 mm From 0.6 mm rostral to Mid nucleus 
distribution obex; another small peak 0.5 mm rostrally obex to 1.6 mm caudal ambiguus 
caudally to obex 
Ipsilateral Ipsilateral Ipsilateral Ipsilateral Additional 
or bilateral contralateral 
representation representation 
Neuron Two cell types: larger multipolar 15- to 25-um- 50-um-diameter 
morphology neurons and smaller neurons with diameter multipolar multipolar neurons 


few dendrites 


neurons 
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TABLE 5. COMPARISON OF LOCATION OF PCA MOTONEURON POOL OBTAINED BY CTB RETROGRADE 
LABELING AND EXTRACELLULAR FIELD MAPPING FOLLOWING ANTIDROMIC ACTIVATION 


Caudal ' Lateral Depth 
Maximum Range Maximum Range Maximum Range 
CTB labeling 1.5 (6.4) 0.6-2.4 1.5 (0.1) 1.2-1.7 2.0 (0.2) 1.5-2.3 
Extracellular field 1.4 (0.2) 0.8-1.7 1.7 (0.1) 1.5-2.0 2.1 (0.1) 1.9-2.4 


Location is described as caudal distance from caudal pole of facial nucleus (caudal), lateral distance from midline (lateral), and depth with 
respect to dorsal surface of brain stem (depth). Values are expressed in millimeters with SD in parentheses. Term maximum represents mean of 


values in CTB study, and site of maximum recorded field in extracellular study. 


motoneuron pool in the ventrolateral medulla of the 
rat, and the results are similar to those obtained by 
retrograde labeling with CTB. A comparison of re- 
sults is shown in Table 5. 


Morphological and electrophysiological data ob- 
tained from studies of antidromically activated laryn- 
geal motoneurons following recurrent laryngeal nerve 
stimulation are summarized in Table 6.48-50.52,53 Com- 
paring the size of the antidromic field reported in these 
studies with that obtained following focal PCA mus- 
cle stimulation is difficult, because the former stud- 
ies included the thyroarytenoid, lateral cricoarytenoid, 
and interarytenoid motoneurons in addition to PCA 
motoneurons. Another confounding factor is the dif- 
ference in size of the species studied. A number of 
common features, however, exist, which include the 
elongated shape in the rostrocaudal direction, the ros- 
trocaudal location with respect to the obex and cau- 
dal pole of the facial nerve, and the estimated conduc- 
tion velocity. Similarities also exist with the medial- 
to-lateral and ventral-to-medial dimensions of the 
motoneuron pool reported by Barillot et al.°?_ 


Generation of an antidromic field by focal muscle 
stimulation rather than direct stimulation of the nerve 
to the PCA muscle may lead to current spread to ad- 
jacent muscles or nerves, as can also occur with ap- 
plication of retrograde tracers to muscle. Careful elec- 
trode placement within the PCA muscle based on 
knowledge of the intralaryngeal distribution of the 
recurrent laryngeal nerve, combined with a low level 
of muscle stimulation, allowed minimization of un- 
wanted current spread to achieve reproducible and 
consistent results. 


An extracellular antidromic field potential, which 
corresponds to the distribution of the PCA motoneu- 
ron pool demonstrated by retrograde labeling with 
CTB, can be reliably obtained in a rat model follow- 
ing focal PCA muscle stimulation. 


Establishing the extracellular antidromic field po- 
tential following focal PCA muscle stimulation in 
the rat model at a relatively constant site will allow 
more detailed intracellular studies of the PCA moto- 
neurons to be performed. 


TABLE 6. STUDIES OF RECORDINGS MADE FROM ANTIDROMICALLY ACTIVATED LARYNGEAL 
MOTONEURONS FOLLOWING RECURRENT LARYNGEAL NERVE STIMULATION 


Delgado- Yajima and Yajima and Barillot Barillot 
Garcia et alf3 Hayashi”? Hayashi”? et al? et ab3 
Species Cat Rat Rat Cat Cat 
Recording Extracellular single Extracellular single ` Extracellular single Intracellular Intracellular single 
neuron neuron neuron single neuron neuron 
Latency (ms) 1.3-2.8 2.9+ 0.6 1.91 + 0.45 (branched 
axon); 2.10 + 0.53 
(unbranched axon) 
Estimated 35-60 45 +12 58.1 + 17,2 (inspi- 
conduction ratory neuron); 


velocity (m/s) 


Site within 0-2 mm rostral to obex; 


Dorsal formation of 


56 + 19.3 (expira- 
l tory neuron) 
2.0 mm rostral 2.0 mm rostral to 


nucleus 2.75-4 mm lateral to ventral division of to obex to 0.5 obex to 0.5 mm 

ambiguus midline; 3.5-4.75 mm nucleus ambiguus mm caudal to caudal to obex; 3.3- 

(ipsilateral) deep to dorsal surface obex 3.9 mm lateral to 
midline; 3.3-3.8 
mm deep to dorsal 
surface 

Resting —65.7 + 12.5 (in- 
membrane spiratory neuron); 


potential (mV) 


—59.1 + 12.0 (ex- 
piratory neuron) 
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THE OTOLARYNGOLOGIST AS A ROLE MODEL 


LAUREN D. HOLINGER, MD 
CHICAGO, ILLINOIS 


Throughout our daily interactions with medical students and residents, each of us, whether we like it or not, functions as a role 
model. Since role modeling is primarily a passive function — teaching by example —- we may not be acutely aware of this role and 
its importance. In what respect is the concept of the role model important to otolaryngology—head and neck surgery? In addition to 
the function of specific training — teaching the trade — most of the literature on role modeling cites 2 major areas of significance: 
1) influencing medical students’ career choices and 2) facilitating socialization into the world of medicine with the establishment of 
an appropriate professional identity. This brief article reviews some of the current literature, catalogs those attributes that have been 
identified as those of excellent role models, and offers some thoughts as to what our specialty might consider in response to the 
challenges to medical education in the changing health care environment. 


KEY WORDS — education, otolaryngology, residency, role model, teaching. 


INTRODUCTION 


Training and Education: From Role Model to Men- 
tor. William Osler established the tradition of clini- 
cian-educator in North America in the outpatient de- 
partment at Johns Hopkins University.!: The sys- 
tem of learning from cases under the directorship of 
a professor and his staff apparently replaced a loose 
apprenticeship system and was consistent with the 
Flexner report.> Osler’s system remains, albeit influ- 
enced by the pressures of the changing health care 
environment, its remarkable strength being core vir- 
tues that are principles of adult learning (which is 
collaborative, involves actively solving probiems, 
and is readily applicable to future work)? 


Role Model. Residents and students must see a 
standard of excellence to pursue, a model to copy. 
The ideal role model is a superior clinician who is a 
dedicated to teaching. The key concept is dedication, 
taking teaching seriously. The role model helps to 
facilitate learning as the student attempts to emulate 
the instructor. Role modeling is intrinsic to the pro- 
cess of teaching but not to the substance of teaching; 
it helps to instill within the learner a desire to gain 
new knowledge and learn to apply that knowledge.* 


The ability of the role model to stimulate intellec- 
tual curiosity is an essential element of good role 
modeling.* Faculty members who demonstrate the 
importance of scientific reasoning and continuing 
self-education convey the message that medicine is 
constantly evolving. Some students are not accus- 
tomed to learning through the scientific process, al- 
though it is fundamental to medical research and clin- 


ical competence; instructors who allow students to 
absorb information passively without encouraging 
critical analysis and inquiry provide a disservice to 
students.* 


Giving liberal doses of systematic feedback is.one 
of the most effective teaching tools. But role models 
must exhibit patience, providing students with fac- 
tual, descriptive comments in a supportive, sensitive 
manner, lest students misconstrue this feedback as a 
personal attack rather than a deliberate teaching tech- 
nique.® 


In otolaryngology—head and neck surgery, role 
modeling occurs in 5 milieus: the classroom, the labo- 
ratory, the ambulatory setting, the patient bedside, 
and the operating room. A role model in the class- 
room and laboratory can demonstrate the importance 
of the scientific thought process and foster a skepti- 
cism of dogma. Hospital rounds and the ambulatory 
setting are the most obvious situations in which role 
modeling occurs, as students observe appropriate be- 
havior and the physician-patient interaction.* The op- 
erating room is where focus of attention, technical 
skills, and meticulous attention to details are demon- 
strated. 


Preceptorship is based on principles of adult edu- 
cation. Adult education 1) is problem-centered, 2) is 
conducted in a supportive environment, 3) is experi- 
ence-oriented, 4) is active, not passive, and 5) in- 
cludes feedback, focusing on behavior, not the indi- 
vidual. Preceptorial relationships are especially use- 
ful in the developing of practical skills. The precep- 
tor works either individually or with small groups of 
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students and serves as a teacher, role model, and eval- 
uator. As is typical of most role modeling, precepto- 
rial relationships are relatively short.’ , 


Mentor. Mentoring is role modeling taken to a high- 
er level. What the role model is for medical students, 
the mentor is what we should be for our residents. 
The effective mentor must be an exemplary role mod- 
el. Mentoring involves an intense global and long- 
term relationship. It encompasses both professional 
and personal domains, and may span several years 
or beyond the period of the structured mentorship. 
The mentor serves as a teacher, role model, coach, 
and confidante, and works one-on-one to achieve vari- 
ous goals.’ 


THE FUNCTION OF THE ROLE MODEL 


Career Choice. The first function of role model- 
ing — career choice — is important to us as special- 
ists in our relationships with medical students. Role 
models do not believe they intentionally try to re- 
cruit students, but instead fee] that demonstrating en- 
thusiasm and a sincere love for what they do has a 
strong influence toward this end. Interestingly, most 
of the recent literature about role modeling has been 
written by and for educators working in the primary 
care specialties. Many studies are designed to gather 
data to be used for the purpose of recruiting medical 
students into primary care areas. In this regard, it is 
particularly important for medical students to be ex- 
posed to otolaryngologists who are excellent role 
models. 


And the earlier, the better. Forty-eight percent of 
medical students change their career plans during 
their second year.? Waiting until the third year to ex- 
pose medical students to otolaryngology—head and 
neck surgery may simply be too late. In fact, one 
study showed the strongest predictor of final career 
choice was career choice at baseline.? This indicates 
the importance of selecting medical students who are 
already inclined toward a specific career. The data 
are inconsistent, however; another study reported that 
the majority of students made final decisions about 
specialties during the fourth year.!° Indeed, some au- 
thors conclude that role models will have little influ- 
ence on many students’ career decisions.!! Some stu- 
dents describe behaviors and personalities of attend- 
ing physicians whom they admired and hoped to 
emulate in their own, different fields of choice (a re- 
flection of the socialization function of role models). 


Negative role models, in contrast, had strong dis- 
suasive affects on specialty selections; attributes of 
these individuals included difficult personalities, per- 
ceived lack of camaraderie, professional dissatisfac- 
tion, and disheartening physician-patient interactions. 


Overworked and dissatisfied physicians who dem- 
onstrate poor communication skills with patients and 
students may permanently close career options. They 
are a reminder of the importance of effective train- 
ing and development of faculty and residents as 
teachers. !! 


Socialization Into the Medical Profession. The sec- 
ond function of role modeling is of importance for 
both medical students and residents: socialization into 
the medical profession and the establishment of a 
professional identity, facilitating the acquisition of 
the values, attitudes, and behavior associated with 
professionalism, humanism, and ethical practice.35.8 
The implication is that role modeling can actually 
function to modify behavior. Residents in otolaryn- 
gology—head and neck surgery need excellent role 
models and mentors to fulfill this need. 


A student’s capacity for compassion can be posi- 
tively or negatively influenced by role models. Stu- 
dents tend to have less and less altruism as they pro- 
ceed through medical training.* Patient management 
in a highly technological medical center is seen as 
being fragmented and as having a lack of interest in 
total patient care; this results in far more emphasis 
on tertiary care and less attention on teaching conti- 
nuity of care and the treatment of chronic illnesses.* 


ATTRIBUTES OF THE EXCELLENT ROLE MODEL 


Given the importance of role models, it is neces- 
sary to identify specific attributes of excellent phy- 
sician role models. The effective positive role model 
purposefully acquires teaching skills, and is respon- 
sive to the complex elements involved when interact- 
ing with learners.’ 


Wright et al® undertook a comprehensive multi- 
center study to identify attributes of the excellent role 
model. Their study, as is typical of such studies, iden- 
tifies these attributes by asking members of the in- 
ternal medicine house staff to name physicians whom 
they consider to be excellent role models. The fol- 
lowing were identified as attributes of excellent role 
models: | 


1. Spending more than 25% of one’s time teaching. 


2. Spending 25 or more hours per week teaching and 
conducting rounds when serving as attending phy- 
sician. | 


3. Stressing the importance of the doctor-patient re- 


lationship. 
4. Teaching the psychosocial aspects of medicine. 


5. Having served as chief resident or having partici- 
pated in formal training in teaching (including fac- 
ulty development programs or teaching work- 
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shops). 


In addition to these 5 attributes, the study made 
several other observations of interest to otolaryn- 
gologists. Generalists were more likely to be named 
as excellent role models than subspecialists. The 
study also found that excellent role models enjoyed 
teaching medical students and residents more than 
did controls and were more satisfied with medicine 
as a career. Engaging in more activities that build 
relationships with house officers (such as organiz- 
ing a dinner, sharing professional experiences, talk- 
ing about their personal lives, and trying to learn 
about the lives of house staff) was associated with 
increased likelihood of being recognized as an ex- 
cellent role model. Dunnington!? points out that ef- 
fective mentors recognize students as individuals 
with private lives; they have spouses and significant 
others and often children, mortgage payments, and 
family emergencies. 


Attending physicians who were identified as ex- 
cellent role models committed a greater percentage 
of their efforts to teaching, administration, and cur- 
riculum development.’ They think about student is- 
sues and assess learning needs.!* In contrast, a greater 
proportion of time spent on research or clinical work 
was not associated with being identified as an excel- 
lent role model. In fact, career achievements related 
to research — including total publications and time 
spent on research — were inversely associated with 
identification as an excellent role model. The authors 
speculated that the most important factor preventing 
attending physicians who concentrate on research 
from being identified as an excellent role model may 
be the lack of contact with house staff, and such ex- 
posure is prerequisite to becoming an effective role 
model 8 ` 


Characteristics of physician role models high- 
lighted in other studies!5.!4 included personal quali- 
ties (such as compassion, sense of humor, and integ- 
rity), clinical skills (such as proficiency as a diag- 
nostician and effective interaction with patients and 
their families), and teaching skills (such as a non- 
threatening style and the ability to explain difficult 
subjects). Students ranked personality as first in im- 
portance, followed by clinical skills and competence, 
teaching ability, area of specialty, research experi- 
ence and publications, and position of academic 
rank.!9 


In another study, the most important characteris- 
tics of role models included enthusiasm for the spe- 
cialty, honesty, being comfortable with ignorance, 17 
and actively involving and communicating effective- 
ly with students, Enthusiasm was the characteristic 
that role models felt to be most important in influenc- 


ing students’ attitudes.!> Other positive factors in- 
clude self-criticism, assuming responsibility, recog- 
nizing limitations, respect for and sensitivity toward 
patients and trainees, and a wholesome sense of hu- 
mor. 16.17 


Most publications on the subject state that a role 
model should ensure a supportive environment for 
learning.!* Too often I have observed the inappro- 
priate behavior of autocratic surgeons who demean 
and humiliate students, residents, and even fellows, 
apparently with the purpose of stimulating learning. 
That is not to say, however, that role models should 
not ask questions. Indeed, effective role models are 
skilled in questioning. The skilled questioner focuses 
on a higher level of thinking and poses questions that 
call for comparison, analysis, and reasoning. Good 
questioning is the difference between giving students 
the information and provoking their critical thinking 
until they are able to come to a discovery on their 
own.!2 Questioning also functions to evaluate stu- 
dents. “We assess knowledge by asking questions, 
we assess skills by observation, and we assess atti- 
tudes by professional intimacy. Without such a needs 
assessment we will teach facts that are already known, 
train for skills that have already been acquired, and 
inspire values that are already shared.”!8(P125) 


FUTURE DIRECTIONS 


What are the implications of these data at a time 
when faculty members are under increasing pressure 
to generate more revenue, and when major medical 
schools prioritize basic medical research in the face 
of decreasing peer-reviewed funding? It has been 
noted that medical education is no longer the major 
activity of American medical schools.!? Addressing 
this problem involves re-framing institutional goals, 
making education of students once again the highest 
priority of medical schools; it requires a change in 
the basic culture of academic medical centers and 
restructuring financial resources.?° 


Career Choice. Because role modeling influences 
career choice, and because it is important for social- 
ization into the medical profession, increased sup- 
port of excellent role models is imperative. It is in- 
deed fortunate that many of the attributes of excel- 
lent role models are skills that can be acquired or 
behavior that can be modified.® The costs of this fac- 
ulty development — in time and money — need to 
be supported so as to help physicians acquire the 
skills required for effective, positive role modeling.® 
In this context, it is notable that mentoring and role 
modeling has been found to be only the third most 
important factor in decisions about promotion of 
clinical educators (after teaching skills and clinical 
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skills).® 


To influence medical student recruitment into oto- 
laryngology, faculty and house staff must demon- 
strate enthusiasm about our specialty and about teach- 
ing, and love for our profession.!> We can also make 
opportunities for contact with first- and second-year 
medical students, such as by teaching anatomy of 
the head and neck in the first-year gross anatomy 
laboratory. 


Socialization. Residents need to be made aware 
of their influence as role models, since students an- 
ticipate their advancement to that level. The major- 
ity of residency programs do not specifically screen 
applicants for potential teaching ability, nor do pro- 
grams provide instruction in teaching skills once the 
residents have been selected.* 


Department chairmen and senior faculty members 
should conspicuously demonstrate positive behav- 
ior. In the clinical setting, the attitude of the attend- 
ing physician can make a difference in how students 
are treated by residents. 


Support for the Excellent Role Model. The medi- 
cal school should reward good teaching and formally 
recognize faculty members and residents who are ef- 
fective teachers and role models.* Attending physi- 
cians who are excellent role models need to be iden- 
tified so that they can be encouraged and supported 
to spend more time with medical students and resi- 


dents. Some would argue that they should also be 
rewarded with career advancements. !3 


Specific areas that require resources for adequate 
support include 1) programs to ensure keeping up- 
to-date with the medical literature, stressing an evi- 
dence-based approach; 2) developing teaching skills; 
3) getting academic recognition, promotion, and ten- 
ure for clinician-educators, establishing guidelines 
and setting standards to reward clinician-educators 
for their scholarship, which is not limited to peer-re- 
viewed publications, and for their multiple contribu- 
tions to teaching; 4) sustaining career satisfaction; 5) 
working in the managed-care environment; and 6) at- 
taining economic goals; physicians who teach current- 
ly work longer days to offset the expected income 
losses resulting from time spent teaching. Teaching 
generates no income, yet teaching is the central mis- 
sion of every medical school and residency program. 


Senior faculty practitioners should be organized 
into cadres of role models and be given incentives to 
invest the time and effort needed to fulfill this part 
of their duties.2° Those in leadership positions must 
acknowledge that role models may be negative as 
well as positive.2° 


I conclude with Tosteson’s poignant observation 
that “the most important, indeed, the only, thing we 
have to offer our students is ourselves. Everything 
else they can read in a book.”2!(P693) 
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EDUCATION IN LARYNGOLOGY: RISING TO OLD CHALLENGES 


ROBERT T. SATALOFF, MD, DMA 


PHILADELPHIA, PENNSYLVANIA 


Education in laryngology has been a subject of interest at least since Louis Elsberg’s address to the first meeting of the American 
Laryngological Association in 1879. Remarkable scientific, technological, and clinical advances during the 1980s and 1990s have 
elevated the standard of laryngological care. It is essential for training programs to promulgate these important advances through 
well-planned, comprehensive curricula. Such training should also foster an appreciation for the kinds of creative thought, interdisci- 
plinary collaboration, and imaginative clinical practice that have been responsible for many of the recent dramatic advances in the 


field of laryngology. 


KEY WORDS — education, fellowship training, laryngology, residency training, voice. 


INTRODUCTION AND HISTORICAL 
PERSPECTIVE 


As we approach the new millennium, it seems ap- 
propriate to ask whether education in laryngology 
and voice has kept pace with the remarkable clinical 
and technological advances of the last 2 decades. 
Throughout the history of otolaryngology, consider- 
able time and thought have been devoted to educa- 
tional issues. The founders of the American Laryn- 
gological Association (ALA) were deeply concerned 
with training in laryngology. This was the subject of 
Louis Elsberg’s Presidential Address at the first meet- 
ing of the ALA on June 10, 1879, in New York.! Els- 
berg had begun teaching laryngology in 1861, and 
he established the first training clinic affiliated with 
any institution, in 1863, at the University of the City 
of New York. By 1879, when the ALA was formed, 
Elsberg reported that there were 25 laryngology teach- 
ers in American medical schools. Elsberg’s extraor- 
dinary address (57 published pages) provides a fasci- 
nating review of the history of laryngology, and cul- 
minates with a section entitled “Laryngological In- 
struction.” Elsberg reviewed the mission of laryngol- 
ogy, and of the ALA in particular, as being not only 
to develop greater knowledge and skills, but also to 
disseminate them and raise the standard of care and 
education. Elsberg’s address to the second meeting 
of the ALA was delivered by Jacob Solis-Cohen, in 
Elsberg’s absence.” Elsberg dedicated this entire ad- 
dress to specific training issues, including require- 
ments for basic science, and clinical knowledge that 
should be acquired before physicians in training are 
permitted to care for patients. He was an advocate 
for both undergraduate and graduate education in lar- 


yngology and even proposed instruction in compara- 
tive laryngology to enhance the understanding of the 
human larynx through the study of other species. In 
his Presidential Address before the fourth meeting 
of the ALA, Frederick Knight emphasized the same 
concerns. He observed, “It will be a great gain when 
every physician feels he must own a laryngoscope. 
A more important point for us here arises, how we 
can make him use it intelligently; how all men who 
graduate from our medical schools shall be given a 
little available knowledge of laryngology during their 
precious time of pupilage.”3@% Knight stressed the 
importance of both didactic education and labora- 
tory and clinical training. He also recognized the ex- 
pense of medical training and called for endowment 
of medical schools to support education, an uncom- 
mon notion in his day. In addition, Knight offered 
specific recommendations for the teaching of laryn- 
gology within the medical school curriculum, even 
courageously calling for an extension of the dura- 
tion of medical study. In Birmingham, England, in 
1890, John St Swithin Wilders addressed the section 
of laryngology and rhinology of the British Medical 
Association in “On the Teaching of Laryngology.” 
He, too, emphasized the importance of educating all 
physicians in the fundamentals of laryngology and 
use of the laryngoscope, and raised concerns about 
specialty hospitals, especially those that were not used 
by medical students in their education. He stressed 
the importance of laryngological education within 
general hospitals “which profess to educate students” 
and even raised an extremely controversial call “that 
no more special hospitals will be founded.”4377) 


Concerns about laryngology and its place in medi- 
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cal education were highlighted again in Henry L. 
Swain’s Presidential Address to the 23rd meeting of 
the ALA, in which he called for specific time within 
the medical school curriculum for courses in our 
field. Since that time, training issues have been ad- 
dressed sporadically. For example, in 1906, Knight® 
reviewed the state of training in laryngology, high- 
lighting the proliferation of instrumentation. Reflect- 
ing back on Elsberg’s day, Knight noted that “the 
meagre armamentarium offered in the olden time is 
in striking contrast with the vast collection of appa- 
ratus now at our command. It is not certain that the 
enormous multiplication of instruments in recent 
years brings marked advantage.”6¢0340) It would be 
interesting to hear his perspective if he were alive 
today amid technological developments that make 
his own armamentarium look meager indeed. 


Thomas J. Harris’ addressed the complex issues 
of postgraduate training in laryngology in an insight- 
ful paper read before the ALA in 1913. Residency 
programs as we know them had not yet been devel- 
oped. Harris emphasized the importance of under- 
graduate preparation, trainee selection, basic science 
education (particularly anatomy and pathology), post- 
graduate courses, and supervised clinical experience. 
He also advocated the establishment of a minimum 
postgraduate training time for qualification in otolar- 
yngology. Skillern, writing in JAMA in “Post-gradu- 
_ate Work in Laryngology,” echoed these concerns, 
noting that “prior to 1918, practically no under-gradu- 
ate teaching on a systematic and comprehensive scale 
had been successfully carried out in this coun- 
try.”8¢1145) Skillern observed that “the aspiring young 
laryngologist became of the opinion that once the 
submucous resection and the enucleation of the ton- 
sil were mastered, he forthwith had become a full- 
fledged and competent specialist.’8!145) At that time, 
a 6-week course was typical for specialty training in 
otolaryngology. He called for more rigorous and long- 
er training in otolaryngology, and instruction in sub- 
specialty areas such as laryngology and otology. 


In the years following these early papers devoted 
to education in laryngology, only a few authors have 
returned to this important subject. Milligan? argued 
that there was insufficient time devoted to laryngol- 
ogy in the undergraduate medical school curriculum 
in Britain. Dean!© devoted his 1925 ALA Presiden- 
tial Address to the teaching of undergraduate laryn- 
gology, and Layton!! addressed undergraduate and 
postgraduate education in 1940. In 1966, Alford! 
wrote an excellent review of the evolution of under- 
graduate and graduate medical training in the United 
States, the development of standards and quality con- 
trol, and the effects of the evolving medical educa- 


tional milieu on residency training in otolaryngol- 
ogy. Bailey! provided interesting insights into the 
early years of the introduction of laryngology as a 
component of otolaryngology training for medical 
students in the same issue of the Laryngoscope in 
which Alford’s article was published. Thirty-three 
years later, the training of medical students in laryn- 
gology remains an important and challenging issue, 
as does the education of the general public on the 
importance of laryngological and related disorders; 
but they are beyond the scope of this paper, which is 
devoted to postgraduate training in laryngology. Cur- 
rently, Medline lists more than 300 articles that ad- 
dress training in otolaryngology. However, specific 
laryngology and voice training issues are rarely men- 
tioned in these publications, and when they are, they 
usually focus on the teaching of indirect laryngos- 
copy to medical students. Considering the historical 
importance of laryngology to the development of oto- 
laryngology, it is surprising how little has been writ- 
ten about teaching this challenging subspecialty, es- 
pecially in recent years. 


In addition to concerns about curricular issues, lar- 
yngologists have been interested in the many practi- 
cal aspects of teaching clinical laryngology. For ex- 
ample, before the advent of video-monitored laryn- 
goscopy, a variety of devices was conceived to al- 
low trainees to see the larynx during examinations 
performed by their mentors. Most involved the use 
of mirrors, such as Lukens’ demonstroscope!* in 1929 
and a device developed at the Mayo Clinic around 
1960 that attached a shortened laryngeal mirror toa ` 
headlight with a reflecting mirror.'> It is also worth 
remembering that the laryngeal mirror itself was orig- 
inally introduced as a training device, albeit for sing- 
ers, by singing teacher Manuel Garcia in 1854.16 A 
great many other clever devices have been introduced 
before and since that time that have enhanced diag- 
nosis, treatment, and training in laryngology.!” As 
early as 1936, Francis LeJeune reported that “the mo- 
tion picture film has been found of inestimable value 
in teaching the younger student clinical pathology 
of the larynx.” 180492 LeJeune’s fascinating report 
indicates that he not only recognized the educational 
value of motion pictures in teaching laryngoscopy 
and laryngeal surgery, but also that he learned from 
his studies. His careful observations of the larynx 
led him to advocate “carrying out sharp dissection 
with the laryngeal knife for the removal of the growth. 
Such a procedure usually ensures a smooth, straight 
cord when healed.” 180492) Nevertheless, because of 
the cumbersome equipment, the delay necessary to 
develop the film, and the time-consuming nature of 
motion picture laryngoscopy, this technology was not 
utilized widely in laryngology clinics. However, in 
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the late 1950s and early 1960s, von Leden and Moore 
established a voice clinic and used high-speed mo- 
tion pictures extensively in clinical care and laryn- 
geal research. 19-22 They also described the importance 
of television as a teaching device in otolaryngology.!? 
The application of an operating microscope to direct 
laryngoscopy improved not only surgical manage- 
ment but also training. Tardy23 was among the first 
to highlight the importance of combining the micro- 
scope with a color television camera, in his 1972 ar- 
ticle “Microscopic Laryngology: Teaching Tech- 
niques.” He advocated television display of laryn- 
geal surgery for the purpose of enhancing training 
by allowing everyone in the operating room to see 
what the surgeon was doing. In addition to describ- 
ing the value of new technology (microscope-assisted 
laryngoscopy and color television monitoring), Tardy 
showed photo documentation of magnified laryngeal 
polyp resection using techniques considerably more 
delicate than the “stripping” technique popular at the 
time. This insightful article specifically listed the 
teaching value of televised microscopic laryngeal sur- 
gery and called for its use in residency programs. 
Although today Tardy’s observations seem obvious, 
it should be remembered that at the time, some re- 
spected otolaryngologists and educational institutions 
still considered even the microscope (television moni- 
toring aside) superfluous even for mastoid surgery, 
let alone laryngoscopy; and it was still believed by 
many that laryngoscopy could be performed perfectly 
well while holding an unsuspended laryngoscope 
with one hand and using instruments only in the other. 
Tardy’s work was an important early step toward im- 
proving both physician education and patient care. 
Even so, it took a while to catch on. For example, at 
the University of Michigan, the first camera for the 
otolaryngology department’s microscope was not 
purchased until 1978. Even then, it was ordered by 
Dr A. C. D. Brown of the department of anesthesia 
so that the anesthesiologist could see the surgical field 
during mastoid surgery, rather than by the otolaryn- 
gology department to enhance otological and laryn- 
gological training. In retrospect, such lengthy delay 
in acquiring television monitors from so venerable 
a training program seems hard to fathom. Hence, it 
behooves each of us entrusted with the training of 
young otolaryngologists to reflect upon whether we 
are guilty of perpetrating similar unfathomable de- 
lays at our own institutions today. 


Since 1975 (in English in 1977), when Hirano‘ 
described the layered structure of the vocal fold, lar- 
yngology has enjoyed unprecedented growth. Great 
advances in our understanding of the anatomy and 
physiology of phonation have been paralleled by 
technological developments for voice quantification 


and outcomes assessment.?° These advances have re- 
sulted in dramatic improvement in the standard of 
care for all patients with laryngological disorders,*° 
and they have affected clinical care remarkably quick- 
ly, due largely to exceptional interdisciplinary col- 
laboration. Stimulated by meetings such as the Voice 
Foundation’s Annual Symposium on Care of the Pro- 
fessional Voice, founded by Wilbur James Gould, 
Hans von Leden, and others in 1972, laryngologists, 
speech-language pathologists, basic science research- 
ers, singing teachers, acting teachers, performers, and 
others have worked together to advance knowledge 
and enhance patient care. They have developed a com- 
mon language, posed questions of practical value in 
the clinic and studio, and developed an interdiscipli- 
nary paradigm for answering important questions 
through valid, reliable research. Much of this research 
has been reported at meetings of the ALA and of the 
American Broncho-Esophagological Association 
(ABEA), the Voice Foundation symposia, and doz- 
ens of other, similar meetings that have evolved over 
the last 2 decades. Because of the interdisciplinary 
nature of many of these meetings and research ef- 
forts, and the collaborative, penetrating discussions 
that occur among professionals of different disci- 
plines at such meetings, even the most esoteric sci- 
entific advances are promulgated quickly. Their prac- 
tical importance is probed at the time of their pre- 
sentation, and new discoveries are applied to patient 
care throughout the world within days after such 
meetings end. 


While the sheer amount of new information, equip- 
ment, diagnostic and therapeutic approaches, and sur- 
gical advancements is exciting, it has also created in- 
consistencies among training programs in the United 
States and throughout the world. Advances have been 
integrated piecemeal into various educational pro- 
grams at different rates, and to different degrees. Now 
that laryngology and voice is well established as a 
subspecialty, it seems timely to reflect on what we 
have learned, what anyone finishing a residency in 
otolaryngology or a fellowship in laryngology and 
voice should be expected to know, and how we can 
best teach these essentials. The development and 
adoption of training guidelines for laryngology and 
voice should be encouraged not only to help pro- 
gram directors, but also to ensure reasonable consis- 
tency in minimal basic knowledge among graduates 
from all programs, with the end result being a con- 
sistently high level of care for laryngological patients. 
However, the rapid and successful evolution of our 
field highlights the need to consider more than just 
facts and skills as we develop training priorities. We 
should also try to impart an enthusiasm for the kind 
of interdisciplinary creativity that was responsible 
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for our current evolution as a field and try to encour- 
age and inspire similar academic and clinical creativ- 


ity. 
RESIDENCY TRAINING 


While laryngology (including voice, speech, swal- 
lowing, and related disorders) constitutes only one 
segment of otolaryngology, it is particularly impor- 
tant, for several reasons. First, laryngological prob- 
lems are common. Estimates of the incidence of voice 
disorders in school-age children range, for example, 
from 6% to 23%.” Although there are no reliable, 
valid data on the incidence of voice disorders in the 
adult population, they are probably as prevalent as 
they are in children; and they may be even more com- 
mon in elderly adults, who are more likely to devel- 
op neurologic disorders with related voice, speech, 
and swallowing abnormalities. Most of our gradu- 
ates will be called upon to care for patients with la- 
ryngological disorders and to educate colleagues (in- 
cluding primary care physicians) on the proper di- 
agnosis and treatment of laryngeal problems. Sec- 
ond, the standard of care and state-of-the-art for man- 
agement of voice disorders have changed dramati- 
cally and continuously throughout the 1980s and 
1990s.26:28 The diagnostic techniques, methods of 
documentation, and imperative for outcomes assess- 
ment that are now standard were nonexistent just a 
few years ago. Some surgical techniques that were 
routine in the 1970s are now considered negligent; 
and newer surgical techniques that replaced them in 
the 1980s are already obsolete. If we do not make a 
concerted effort to ensure that our residents are fully 
aware of these developments and their practical im- 
plications, then they may provide outdated treatment; 
and both they and their patients will suffer the con- 
sequences. 


Providing such training is especially difficult in 
laryngology, because of the speed with which the 
field has developed. It is certainly not possible for 
all otolaryngologists, or even all academic otolaryn- 
gologists, to keep up with all developments in all 
fields within our specialty. There are many programs 
in which laryngology is managed and taught by gen- 
eral otolaryngologists, or by head and neck cancer 
surgeons without special training in the modern clini- 
cal and research aspects of laryngology. However, 
even if every training program in the United States 
had the desire and funds to hire an experienced and/ 
or fellowship-trained laryngologist, there are not 
enough to supply all of the positions, yet. Therefore, 
at least until the number of laryngologists has caught 
up with the number needed, we must be especially 
diligent about defining expected areas of basic knowl- 
edge. 


Details of a recommended curriculum are beyond 
the scope of this paper. However, suggestions have 
been articulated, at least in preliminary form. One 
such document was developed by the Speech, Voice 
and Swallowing Committee of the American Acad- 
emy of Otolaryngology, in a subcommittee chaired 
by Dr Steven Zeitels (personal communication). 
However, to date, no proposal has been accepted by 
the bodies that guide otolaryngology residency train- 
ing. 


The thoughts that follow constitute only a broad 
overview of my vision of minimum residency re- 
quirements with regard to substantive knowledge and 
clinical skill. They are offered not as definitive rec- 
ommendations, but rather, to encourage dialog and 
an eventual consensus. This paper concentrates on 
voice because voice is the most advanced and com- 
plex division of laryngology at present, and in order 
to limit the length of this paper. A similar model 
should be applied to training in the management of 
swallowing disorders and selected speech and lan- 
guage disorders. 


Basic Science. Comprehensive knowledge of rele- 
vant anatomy, physiology, and pathology is required 
for insightful diagnosis and expert treatment of lar- 
yngological patients. Every trainee should be famil- 
lar with the layered microanatomy of the vocal fold, 
the characteristics of its basement membrane, neuro- 
muscular anatomy (including the latest concepts in 
fiber composition and subspecialization within given 
muscles), laryngeal aging (from embryo to death), 
and the nature and importance of supraglottic and 
infraglottic components of the vocal tract. Neurolar- 
yngology has emerged as a new field, and is vitally 
important to the clinician. Just as neurotology has 
expanded our scope of training in otology, so must 
neurolaryngology in laryngology. Training should in- 
clude elements of neuroanatomy and neurophysiol- 
ogy that seemed irrelevant until recently. Every grad- 
uate of a residency should also be familiar with the 
intricacies of voice physiology, including respiration, 
infraglottic power-source functions, the details of 
sound production at the level of the vocal folds, and 
the resonator functions of the supraglottic vocal tract. 
Understanding each component of the anatomy and 
physiology is not simply an academic exercise. Such 
knowledge allows the clinician to perform a “sys- 
tems analysis” on the voice, determine which com- 
ponents are malfunctioning or misfunctioning, and 
establish diagnoses and treatment paradigms ratio- 
nally.28 Moreover, just as we expect our trainees to 
understand audiograms and how to interpret them, 
every trainee should be familiar with instrumenta- 
tion for objective voice quantification and should be 
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able to interpret data generated from voice laborato- 
ries. They should also be familiar with instruments 
for outcomes assessment in patients with voice dis- 
orders.29 


Research. Research is an essential component of 
any postgraduate training program. Ultimately, at its 
best, research is the means by which we figure out 
how to improve the condition of patients whom we 
cannot help now. Each resident should receive train- 
ing in research methodology and should have prac- 
tical experience with basic and/or clinical research. 
Such training is essential not only to teaching inci- 
sive interpretation of the literature, but moreover, to 
developing the ability to formulate precise questions 
relevant to the practice of laryngology, and to design 
rational paths toward their answers. Good research 
training should help solidify the dissatisfaction all 
physicians feel about our limitations, and it should 
encourage a lifelong curiosity and an unwillingness 
to accept the limitations of our knowledge. Research 
should become a vital tool of daily practice through 
which we advance the boundaries of our specialty 
and enhance the care of our patients. 


Diagnosis and Medical Management. Residents 
should master the details of the comprehensive, mul- 
tisystem history required for patients with voice dis- 
orders, with special techniques for physical examina- 
tion, and be familiar with the many other special con- 
siderations that must be taken into account when car- 
ing for voice professionals.2°-33 They should be able 
to recognize not only obvious laryngological prob- 
lems such as benign and malignant vocal fold lesions, 
but also less obvious lesions and related disorders. 
Graduates of our residencies should be able to dif- 
ferentiate voice dysfunctions emanating from the in- 
fraglottic or supraglottic vocal tract, as well as laryn- 
geal ‘manifestations of systemic disease (reflux, thy- 
roid disease, and many others). They should also gain 
experience in performing and interpreting strobovid- 
eolaryngoscopy and be familiar with the application 
of other diagnostic tests, including acoustic analy- 
sis, airflow assessment, laryngeal electromyography, 
and others. In addition, otolaryngology residents 
should receive specific training in the principles and 
practice of voice therapy, and they should spend at 
least some time observing therapy performed by an 
expert speech-language pathologist. Sufficient knowl- 
edge should be imparted to allow any laryngologist 
to determine whether a specific speech-language path- 
ologist is providing his or her patient with appropri- 
ate, safe, and beneficial therapy. Physicians who re- 
fer their patients to speech-language pathologists can- 
not fulfill this basic obligation unless they have a 
reasonable understanding of the indications for re- 
ferral, of the techniques utilized by modern voice ther- 


apists, and of the expected duration and progress of 
therapy. Ideally, residents should also be given an 
opportunity to work with a multidisciplinary voice 
team. It is also essential, of course, for trainees to be 
familiar with medical treatment of voice disorders, 
including the vocal consequences of various medi- 
cations prescribed by otolaryngologists and other phy- 
sicians (iatrogenic dysphonias). ` ` 


In addition, we must prepare our trainees for “spe- 
cial situations” — for example, complex problems 
such as laryngeal trauma, vocal fold scarring, and 
arytenoid dislocations that often require special ex- 
pertise and/or rapid diagnosis and management. 
High-performance professional voice users also pose 
special challenges, obligations, and risks with which 
any practicing otolaryngologist should be familiar 
in order to avoid well-meaning but potentially costly 
treatment errors. | 


Surgery. Otolaryngology boasts an excellent tradi- 
tion of teaching surgical skills. Prior to performing 
neck surgery on humans, residents have been in- 
structed on the anatomy and physiology of neck struc- 
tures and pathophysiology, and they have performed 
neck dissections on cadavers. They have also gener- 
ally observed or assisted in numerous similar surgi- 
cal procedures. The training tradition is even more 
consistent and rigorous for surgery of the temporal 
bone. Temporal bone laboratory dissection with pro- 
fessorial instruction and supervision is required in 
most programs before residents are entrusted with 
surgical care of human ears. Unfortunately, the same 
systematic approach to teaching of surgical skills is 
often not applied to laryngeal surgery in most insti- 
tutions. Laryngeal endoscopy, microscopic voice sur- 
gery, and phonosurgery (including framework sur- 
gery) are amenable to a similar thorough and system- 
atic approach to training. In addition to instruction 
in anatomy and physiology of phonation, examina- 
tion and quantification of voice function, outcomes 
assessment, alternatives to surgery, and timing of sur- 
gery before operating, the resident should have a tho- 
rough knowledge of surgical instrumentation (tradi- 
tional and laser). Practice under supervision in laryn- 
geal dissection laboratories (similar to temporal bone 
laboratories) and periods of observation in the oper- 
ating room should precede resident surgery on hu- 
man larynges. Attention to surgical technique and 
ergonomics is essential, because of the technical dif- 
ficulties involved in maintaining perfect control of 
the tips of long laryngeal instruments. Indeed, laryn- 
geal microsurgery may well be approached concep- 
tually as ear surgery with longer instruments. Resi- 
dent surgery on patients should be supervised closely 
and should follow a planned progression from simple 
to complex cases; and it should be recognized that 
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microdissection of the vibratory margin of the vocal 
fold may be more challenging technically than some 
seemingly “larger” cases such as laryngectomy. Re- 
sults from residents’ surgery should be comparable 
to those achieved by professorial faculty. Training 
should also include criteria for determining which 
cases should not be performed by the inexperienced 
or occasional laryngeal surgeon, and guidelines for 
referral to tertiary care laryngologists. 


Special Considerations. In addition to providing 
training in facts and skills, attention must be paid to 
the art of patient care. This is extremely important in 
the management of all patients, and acutely impor- 
tant when caring for high-performance voice profes- 
sionals. | 


Residents in otolaryngology, and fellows in laryn- 
gology and voice, should also be imbued with curi- 
osity about the many questions that remain unan- 
swered. They should receive historical information 
about the development of our field, and exposure to 
voice professionals in other disciplines such as 
speech-language pathologists, singing teachers, and 
arts-medicine specialists in other fields. 


FELLOWSHIP TRAINING 


Fellowship programs in laryngology have prolif- 
erated recently in response to clinical and academic 
demand, but they have actually existed for many 
years. For example, Dr Hans von Leden and the late 
Dr Wilbur James Gould have trained fellows since 
the 1950s and 1960s, among them such distinguished 
individuals as Drs Minoru Hirano and Nobuhiko Iss- 
hiki. This author began providing such training in 
1981; and since that time, fellows have included not 
only laryngologists, but also speech-language pathol- 
ogists and singing teachers. If our specialty is to pro- 
vide enough practitioners to meet the need for high- 
caliber laryngology and voice care teams, then we 
must participate in advanced training for physicians 
and for professionals in other disciplines who will 
constitute the interdisciplinary teams of the future. 


While no formal guidelines for fellowship train- 
ing have been accepted or implemented to date, they 
may be anticipated in the near future. A draft docu- 
ment has been developed by Dr Robert Ossoff, this 
author, and other members of The Ad Hoc Commit- 
tee on Laryngology Fellowship of the ALA. The need 
for quality control and some standardization in mini- 
mum experience in fellowship programs will hope- 
fully lead to further action on this document or a simi- 
lar set of guidelines in the near future. 


CREATIVE THOUGHT 


Interdisciplinary opportunities for creativity in 


medicine still offer the potential for excitement, joy, 
and innovation in daily practice.34 The current ad- 
vances: in laryngology were inspired by interest in 
the problems of professional voice users, particularly 
opera singers; but this trend in laryngology was not 
isolated. Modern voice medicine is but one compo- 
nent of.a larger field of arts medicine that offers simi- 
lar interdisciplinary team care for pianists, string 
players, dancers, wind instrumentalists, and others 27 
The arts-medicine aspects of laryngology are excit- 
ing for at least 2 reasons that should be addressed in 
any training program. First, performers and artists 
place critical demands on their bodies, and they do - 
not have the usual tolerance for incomplete cures. 
An injured finger that returns to 98% normal func- 
tion may be adequate even for a microsurgeon, but it . 
is not adequate for a premier pianist. That extra 2% 
separates the famous artist from those who have not 
quite reached the “top.” Arts-medicine patients force 
us to redefine “normal” much more narrowly, and 
they challenge our abilities to recognize, quantify, 
and restore physiological perfection. Much of the fun 
and many of the ideas that have helped advance laryn- 
gology and voice have come from close interactions 
with such patients, as well as with speech-language 
pathologists, voice scientists, singing teachers, act- 
ing teachers, and other colleagues, all of whom pro- 
vide insights useful in clinical practice. Second, arts 
medicine provides physicians with an opportunity 
to work closely with professionals and educators in 
the arts and humanities. The arts and medicine are 
inherently similar in many ways. However, through 
our educational process, physicians too often lose 
sight of the importance.of the arts to our practices, 
and there is amovement in medical education to cor- 
rect this deficiency. Arts:medicine offers the clini- 
cian a chance to work and think with colleagues in 
related fields, such as artists and performers, and to 
find new solutions to complex problems. It also may 
afford us with the inspiration and opportunity to study 
one of the arts. In our quest to master the science 
and art of healing, we can learn much from our col- 
leagues in the arts and humanities that will help our 
insight, sensitivity, and ability to empathize. Such 
interactions also help keep us from being trapped in- 
tellectually by existing paradigms and allow us to 
approach questions with a broader vision, creating 
new solutions to problems that seem insurmountable 
within the compartmentalized framework of our tra- 
ditional training, and even allow us to create new 
fields of medicine. 


CONCLUSION 


Laryngologists of the future will be ideally posi- 
tioned to thrive as sophisticated diagnosticians, sur- 
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geons, and scientists; but they will also have excep- 
tional opportunities to remain “physicians” in the tru- 
est and broadest sense. It is incumbent upon us to 
offer training environments that will not merely pro- 
vide skills, but will also kindle and nurture their cu- 
riosity, creativity, and broader vision. In these days 
of economic and legal crises, medicine has precious 
few reminders of the reasons why most of us were 
inspired to become doctors. For the last 2 decades, 


modern laryngology has been built on such enthusi- 
asm, and practicing it has been a daily joy. We must 
ensure that the next generation will not have to settle 
for anything less. If we are successful, 20 years from 
now, our practice will look as crude as Elsberg’s 
methods seem to us now; and we will have accom- 
plished our mission as educators and left behind train- 
ing centers filled not only with information, but also 
with inspiration and imagination. 
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The objective of this randomized, prospective study was to study the efficacy of topical mitomycin-C in the inhibition of sub- 
glottic stenosis in a canine model. Subglottic stenosis was elicited with the carbon dioxide laser in 10 mongrel dogs. Radial incision 
and serial dilation of the subglottic airway were then carried out. The animals were randomized to receive a topical solution of 1% 
mitomycin-C to the dilated area for a 5-minute duration or no further treatment. Weekly direct microlaryngoscopy and photodocu- 
mentation were performed during the 6-week study. Airway distress developed in 4 of the 5 control dogs, requiring early sacrifice, 
while all treatment group animals survived the duration of the study (p < .006). Morphometric analysis of the subglottic photographs 
confirmed a greater than 100% increase in the percentage of relative airway at sacrifice in the treatment group (p < .049). A statisti- 
cally significant (p < .015) decrease in collagen formation in the subglottic scar of dogs treated with topical mitomycin-C was 
documented. Mitomycin-C favorably altered the clinical progression of subglottic stenosis, improved quantified airway patency, and 
reduced the amount of subglottic collagen formation in the canine model. 


KEY WORDS — canine, mitomycin-C, subglottic stenosis. 


INTRODUCTION 


Acquired subglottic stenosis is a debilitating condi- 
tion and a challenging disease process for the otolar- 
yngologist to treat. Often, patients require multiple 
endoscopic or open reconstructive procedures, and 
they may ultimately become tracheostomy-dependent. 
In an effort to better understand the pathophysiolo- 
gy of this disease and to test treatment options, ani- 
mal models have been developed. 


Borowiecki and Croft! first described a canine 
model for subglottic stenosis in 1977. Many studies 
since that time have attempted to identify adjunctive 
agents to traditional therapy in maintaining subglot- 
tic patency. The role of antibiotics, steroids, and la- 
thyrogenic agents such as penicillamine and N-acetyl- 
L-cysteine has been evaluated, but none has signif- 
icantly impacted clinical practice.2-4 Charous et al 
reported on the use of the carbon dioxide (CO2) la- 
ser to create subglottic injury in the dog and further 
documented the clinical and histologic progression 
of stenosis in this model. They found that extensive 
cartilaginous injury was required for stenosis to form, 
supporting the findings of previous studies® in which 
the cartilage was damaged with prolonged endotra- 
cheal intubation. Charous et al found that stenosis 


would develop in a time period from 2 to 3 weeks 
postinjury. On average, the dogs would restenose 10 
days after the subglottic scar was excised with the 
COz2 laser. This study provided a predictable model 
to test agents for the inhibition of scar formation in 
the subglottis. 


Mitomycin-C is an antibiotic isolated from the 
broth of the bacterium Streptomyces caespitosus. It 
has been found to have antitumor activity and has 
been used in multidrug regimens for disseminated 
adenocarcinoma, as well as transitional cell tumors 
of the genitourinary tract. The compound selectively 
inhibits DNA synthesis through mitomycin-C—in- 
duced cross-linking. This primarily occurs at gua- 
nine and cytosine, and thus, concentrations of these 
nucleic acids correlate to efficacy. At high drug con- 
centrations, RNA and protein synthesis are sup- 
pressed. These properties have led to its use as an 
agent for reducing scar formation. 


The objective of this randomized, prospective 
study was to evaluate the efficacy of topical mitomy- 
cin-C in the inhibition of subglottic stenosis by means 
of a canine model. The clinical course of restenosis 
and airway distress would be monitored. Additional- 
ly, airway patency would be photodocumented and 


From the Department of Otolaryngology, Vanderbilt Bill Wilkerson Center for Otolaryngology and Communication Sciences, Nashville, Ten- 
nessee. This study was performed in accordance with the PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for the 
Care and Use of Laboratory Animals, and the Animal Welfare Act (7 U.S.C. et seq.); the animal use protocol was approved by the Institutional 


Animal Care and Use Committee (TACUC) of Vanderbilt University. 


Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 24-25, 1999. 
CORRESPONDENCE — Lou Reinisch, PhD, Dept of Otolaryngology VUMC, S-2100 Medical Center North, Nashville, TN 37232-2559. 


1054 Correa et al, Mitomycin-C Inhibition of Subglottic Stenosis 


then analyzed quantitatively. Histologic analysis of 
scar formation in the 2 groups would be carried out 
to describe the effects of mitomycin-C on the subglot- 
tic scar and to compare the treatment group with the 
control group. 


MATERIALS AND METHODS 


Ten adult mongrel dogs weighing between 15 and 
20 kg were utilized for the study. The animal research 
was approved and conducted according to our Institu- 
tional Animal Care and Use Committee GACUC). 
Anesthesia was begun with a mixture of butorpha- 
nol tartrate (0.05 mg/kg) and atropine sulfate (0.05 
mg/kg) given intramuscularly for premedication. In- 
duction was then carried out with tiletamine hydro- 
chloride (4 to 6 mg/kg) and xylazine hydrochloride 
(0.275 mg/kg) given intramuscularly. Intravenous 
maintenance doses of tiletamine hydrochloride (2 
to 4 mg/kg) and xylazine hydrochloride (0.2 mg/kg) 
were given as needed. 


Direct microlaryngoscopy was performed with a 
suspension laryngoscope modified for use in the dog. 
An operating microscope with a 400-mm-—focal length 
lens was then moved into position. A CO2 laser (Shar- 
plan Lasers Inc, Allendale, NJ) was attached to a 250- 
um-spot size micromanipulator. Circumferential in- 
juries at the level of the cricoid and inferior to the 
second tracheal ring were created with 6 W of pow- 
er in the continuous mode. The depth of injury was 
through the level of the perichondrium and into tra- 
cheal cartilage, as characterized by the typical “wel- 
der’s flash.” 


Weekly direct microlaryngoscopy was performed 
to assess the progression of stenosis. Photodocumen- 
tation was carried out with a 0° Hopkins (Karl Storz 


Inc, Tuttlingen, Germany) rigid telescope with acam- ` 


era lens attachment. All camera settings on the Nikon 
N6006 (Nikon Corp, Tokyo, Japan) camera body 
were standardized and maintained between dogs and 
operative procedures. When stenosis was clinically 
assessed to reach at least a 50% reduction in avail- 
able airway lumen, the dogs were treated with CO2 
laser radial incisions in 4 quadrants and then with se- 
rial dilation by using rigid bronchoscopes in the meth- 
od of Ossoff et al.2 The bronchoscopes ranged in size 
from 3.5 to 9 mm. Dogs were then randomized to 
receive a topical application of 1% (10 mg/mL) mi- 
tomycin-C (Bedford Labs, Bedford, Ohio) or no fur- 
ther treatment. The solution was created by suspend- 
ing the drug in 1 mL of sterile water. Drug delivery 
was via a soaked cotton pledget directly applied to 
the operative site for a duration of 5 minutes. 


The clinical course of restenosis and airway dis- 
tress was monitored daily. Weekly direct microlaryn- 


goscopy and photodocumentation continued after 
treatment. Dogs were painlessly sacrificed if clini- 
cal signs of airway distress developed and direct mi- 
crolaryngoscopy confirmed a significant reduction 
in airway lumen. The study duration was 6 weeks 
from the time of treatment, and all living animals were 
painlessly sacrificed at that time. Sacrifice was car- 
ried out with an intracardiac injection of pentobarbi- 
tal sodium after the induction of anesthesia. 


Histologic Procedure. The larynx and proximal 
trachea were harvested from each dog and immedi- 
ately placed in 10% formalin. After an appropriate 
time for fixing, the subglottis and proximal trachea 
of each specimen were cut transversely into approxi- 
mately 3-mm sections (5 to 8 sections per animal). 
Specimens were dehydrated in a graded series of eth- 
anols, embedded in paraffin wax, and cut into 5-um 
sections by standard techniques. Tissue was mounted 
on slides and stained with hematoxylin and eosin or 
Masson’s trichrome stain. 


Microscopic Analysis of Specimens. Slides were 
viewed with an Olympus Vanox AH-2 light micro- 
scope (Lake Success, NY) under 40x magnification. 
Each section of the specimen was examined for de- 
gree of epithelialization, scar as assessed by collagen 
formation, and inflammatory response. For computer 
analysis, images were digitally photographed with a 
ProgRes 3008 camera (Kowtron Elektronik, Eching, 
Germany) and imported into Adobe Photoshop 4.0 
(Mountain View, Calif). Images were captured at 
1,996 x 1,450 pixels in 24-bit color. If the area of 
interest extended beyond a single camera field, multi- 
ple images were captured and then montaged together 
with Photoshop. 


Computer Image Analysis. Computer imaging 


(morphometric analysis) was used to determine the 


percentage of collagen present at the point of maxi- 
mal airway stenosis for each animal. This was deter- 
mined by visually inspecting the histologic slides for 
the point of thickest scarring and by using light mi- 
croscopy to verify the histologic appearance of scar 
tissue. On the Masson’s trichroine—stained slides, a 
digital image at the point of maximal stenosis was 
captured for each specimen. To measure the amount 
of collagen present, a reference box 1.0 cm x 500 
Um was defined. The box size was selected to be long 
enough to include the full thickness. of scar forma- 
tion for the maximally stenosed sample, and wide 
enough to allow a representative sample of the tis- 
sue. With Photoshop, the box was superimposed over 
each image, beginning at the edge of the cartilage 
and extending into the lumen (Fig 1). The range of 
blue pixels representing the stained collagen fibers 
was defined for each image by the investigator. These 
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Fig 1. Masson's trichrome stain of control animal sub- 
glottis at 40x magnification. Standard reference box was 
created with Photoshop and oriented from cartilage to 
lumen, 


values were then normalized by the maximal value 
of all the samples measured to produce the relative 
collagen formation score (in percent) for each ani- 
mal. This technique was used rather than simply mea- 
suring the distance of stenosis because it would be 
less affected by mounting variation or artifact. An un- 
paired Student’s t-test was performed with Stat View 
(Abacus Concepts Inc, Berkeley, Calif) to determine 
if there was a difference in the collagen formation at 
the point of maximal stenosis between the control 
and treatment groups. 





Fig 2. Sample subglottic photograph of animal with sub- 
glottic stenosis. Narrowest point in airway lumen is shown 
with white shading superimposed. Lumen size at most 
inferior aspect of true vocal folds, used as fixed refer- 
ence, is shown with black shading superimposed. Ratio 
of white to black is defined as percentage relative airway 
as explained in text. 


Photodocumentation Analysis. Morphometric anal- 
ysis with Photoshop was also used to assess the clin- 
ical photographs documenting the progression of ste- 
nosis. Slide photographs taken at the time of initia! 
treatment and at the time of sacrifice were analyzed 
in a similar fashion. After the 35-mm slides were 
scanned at 300 dpi resolution, the number of pix- 
els at the narrowest point in the airway lumen was 
counted (see white shading on Fig 2). We then had 
to normalize the total pixels measured in the narrow- 
est points of the airway lumen to a fixed reference in 
the subglottis. The lumen size at the most inferior 
aspect of the true vocal folds was chosen for the fixed 
reference. So, the number of pixels within the most 
inferior aspect of the true vocal folds was counted 
(see black shading in Fig 2). The number of pixels 
measured at the narrowest point was then divided by 
the number of pixels from the fixed reference. To 
avoid confusion, we term this normalized crass sec- 
tion a “percentage relative airway.” This use of the 
relative airway allowed for standardization between 
photographs, decreasing the interanimal variations. 
It also served to negate any difference in magnifica- 
tion between individual photographs and to compen- 
sate for any size difference between animals. The per- 
centages of relative airway of the 2 groups at treat- 
ment and at the time of sacrifice could then be com- 
pared. Data were also analyzed with an unpaired Stu- 
dent’s t-test and StatView. We note that the morph- 
ometrically determined percentage relative airway 
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yields a value that is typically much smaller than one 
would subjectively assess as a percentage airway 
opening. 
RESULTS 
Clinical Course. All dogs in the mitomycin-C 
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Fig 4. Graph of mean percentage relative airway values 
in both groups. Comparable degrees of stenosis are noted 
in both groups before treatment with radial incision and 
serial dilation. Significant difference is noted between 
groups at time of sacrifice. Asterisk — p < DÄ. 


Fig 3. Sample subglottic photographs. A,B) 
Two control animals prior to treatment with 
radial incision and serial dilation. C.D) Two 
treatment animals prior to radial incision and 
serial dilation with subsequent application of 
topical mitomycin-C. 


treatment group survived the full 6-week duration 
of the study. None developed respiratory distress. 
There were no complications of topical mitomycin- 
C use noted in these animals. Four of the 5 dogs in 
the control group developed stridor and required sac- 
rifice prior to study termination. Clinical restenosis 
was documented by direct microlaryngoscopy and 
photodocumentation prior to sacrifice. The | dog in 
the control group that did not progress to restenosis 
lived for the duration. The other dogs succumbed at 
8.9, 13, and 21 days. Statistically significant improve- 
ments in the clinical course of stenosis and airway 
distress were noted in the treatment group as mea- 
sured in days of survival (p < .006). 


Clinical Photographs. The first goal in analysis 
of the subglottic photographs was to confirm the clin- 
ical observation that there was a significant reduc- 
tion in the subglottic lumen (250% reduction by vis- 
ual inspection) before radial incision and serial dila- 
tion were performed. Figure 3A,B includes represen- 
tative photographs of 2 control dogs just prior to ra- 
dial incision and serial dilation. Tight, circumferential 
stenoses are evident, and these correlated with the 
clinical presentation of increasing stridor. Similar 
analysis of photographs in the mitomycin-C treat- 
ment group also confirmed the high grade of steno- 
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sis that was observed at the time of treatment, and 
stridor was also noted (Fig 3C,D). It was then desir- 
able to draw comparisons between the calculated per- 
centage relative airway in the control group and that 
in the treatment group at the time of radial incision. 
This would serve to confirm that both groups were 
indeed being treated at a similar degree of stenosis. 
The mean percentage relative airway calculated for 
the control group at treatment was 9.8% + 1.9% (Fig 
4). The mean percentage relative airway calculated 
for the mitomycin-C group at the time of treatment 
was 11.2% + 1.8%. The means of each group fell 
within the standard errors of one another and further 
supported the clinical impression noted upon direct 
microlaryngoscopy. 


Figure 5 documents the clinical course of | of the 
control animals. The degree of stenosis at the time 
of radial incision and serial dilation is shown. By 
day 8, circumferential granulation and stenosis are 
developing. At day 15, this has progressed to a more 
mature scar, and by day 21, tight stenosis and respira- 
tory distress are noted. Figure 6 shows the clinical 
course of | of the mitomycin-C group animals. The 
drug is applied topically to the site after dilation. At 
day 15, some circumferential narrowing has devel- 


Day 15 


Fig 5. Documented clinical course of control animal. A) Tight, circumferential stenosis with clinical airway reduced 
by 250% and stridor noted. B) Radial incisions are performed (photograph predilation). C) Day 8. development ot 
granulation and circumferential restenosis. D) Day 15: rapid progression of stenosis. E) Day 21; tight stenosis and 


respiratory distress noted. 





oped, but at 27 days, this has not progressed. Forty 
days posttreatment, the dog has a widely patent air- 
way and no sign of distress. 


The next objective was to analyze the photographs 
of the 2 groups at the time of sacrifice. The ratio of 
narrowest airway lumen to maximal relative airway 
measured in pixels in the control group appeared 
smaller than that of the treatment group. This was 
confirmed by comparing the calculated percentage 
relative airway values between the 2 groups (Fig 4), 
The mean percentage relative airway calculated for 
the control group at sacrifice was 10.5% t 3.6%. It 
is notable that this mean for the control group re- 
turned to within 0.7% of the pre—radial incision and 
serial dilation values. The mean percentage relative 
airway calculated for the mitomycin-C group at the 
time of sacrifice was 22.8% + 3.9%. This greater than 
100% difference in calculated percentage relative air- 
way between the mitomycin-C group and the con- 
trol group was statistically significant (p = 049). 


Histologic Examination. Evaluation of the histo- 
logic sections taken from the subglottis and proxi- 
mal trachea confirmed the presence of subglottic ste- 
nosis (Fig 7). Characteristic fine, irregular collagen 
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Day 15 


fibers were seen throughout the submucosa. Addi- 
tionally, extensive neovascularization was present. 
Re-epithelialization with respiratory mucosa was 
noted in all specimens in both groups. Masson’s tri- 
chrome—stained slides revealed the blue-staining col- 
lagen that was then quantified. The relative percent- 
age of collagen formation for the 2 groups was de- 
termined by using the previously described technique 
of computer image analysis. The mean relative col- 
lagen percentage for the control group was 73.6% + 
13.4%. The mean relative collagen percentage for 
the mitomycin-C group was 28.9% +5.7%. This rep- 
resented a statistically significant (p < .015) decrease 
in collagen formation in the subglottic scar of dogs 
treated with topical mitomycin-C. 


DISCUSSION 


The properties of mitomycin-C as an inhibitor of 
fibroblast proliferation and vascular ingrowth in tis- 
sues have led to its clinical use in ophthalmologic 
surgery. Kunitomo and Mori,’ in 1963, first intro- 
duced its topical use in the eye after pterygium sur- 
gery. In 1983, Chen!" reported using mitomycin-C 
as adjunctive therapy in trabeculectomy surgery for 
glaucoma. He found that it reduced scarring at the 


scleral flap with a 100% success rate at the relatively 


Day 27 





Day 40 


Fig 6. Documented clinical course of treatment animal. A) Tight, circumferential stenosis with clinical airway 
reduced by 250% and stridor noted. B) Radial incisions are performed with subsequent application of topical 
mitomycin-C (photograph predilation). C) Day 15; small amount of restenosis present. D) Day 27: little progres- 
sion of stenosis. E) Day 40; widely patent airway with no evidence of respiratory distress near end of study. 


low dose of 0.02%. A double-blinded, prospective 
study in 1988!! helped popularize its use in North 
America by showing a decrease in the pterygium re- 
currence rate from 88.9% to 2.3% when compared 
to placebo. The use of mitomycin-C topically on res- 
piratory epithelium, specifically on nasal mucosa, was 
first explored as adjunctive therapy in dacryocysto- 
rhinostomy.!? A recent study by Ingrams et al’? found 
it to be efficacious in maintaining patent maxillary 
antrostomy sites in a rabbit model. Electron micros- 
copy revealed that after an initial period of ciliary 
loss, no permanent damage to the mucosa was noted 
and there was a return of normal ciliary function with- 
in | week. 


In systemic use of mitomycin-C as cancer chemo- 
therapy, myelosuppression has been the primary doc- 
umented toxicity. With topical human use, only lo- 
cal ocular findings have been reported. In pterygium 
surgery, scleral and corneal ulceration, scleromala- 
cia, symblepharon, calcification, iritis, corneal per- 
foration, mature cataract formation, and ocular hypo- 
tonia have been documented.'!* The use of lower 
doses and exposure times has resulted in a dramatic 
reduction in these complications. !>-!7 


In this study using topical mitomycin-C in the ca- 
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Fig 7. Masson’s trichrome stain of control animal subglot- 
tis at low power. Whole organ section reveals character- 
istic fine, irregular collagen fibers throughout submucosa 
with extensive neovascularization present. Re-epithelial- 
ization with respiratory mucosa was noted in all speci- 
mens in both groups. 


nine subglottis, a number of positive outcomes sup- 
port its role as a possible adjunct to current therapy 
in treating patients with subglottic stenosis. First, the 
model of CO2 laser-induced subglottic stenosis re- 
ported by Charous et a" was found to be reproduc- 
ible and effective for studying the pathophysiology 
of this disease process and a new agent for scar inhi- 
bition. Animals in the mitomycin-C group had a sig- 
nificant improvement in the clinical progression of 
subglottic stenosis relative to the control group. The 
clinical responses that were noted in daily evalua- 
tion and weekly direct microlaryngoscopy were sup- 
ported by the photographic analysis. It is important 
to reiterate that the seemingly low percentage rela- 
tive airway values in both groups highlight the fact 
that this calculated number is relevant mostly as a 
comparative tool between the 2 groups. We feel the 
actual clinically evaluated percentage available air- 


way would have been reported as much higher by 
most surgeons, as can be seen in the Figure depict- 
ing a treatment animal at the time of sacrifice (Fig 
6). Using pixels, a fixed reference point, and a ratio 
served to standardize the findings between photo- 
graphs and dogs, allowing comparisons to be drawn. 
The greater than 100% increase in mean percentage 
relative airway for the treatment group should be 
evaluated in the context of the improved clinical 
course, lack of airway distress, and clinically larger 
airway lumens seen in these dogs. 


There were no complications of mitomycin-C use 
noted in these dogs. The 1% concentration chosen 
for application was 10-fold higher than that in the 
recent publication on using mitomycin-C in the rab- 
bit sinus model. 12 Our goal in this first reported use 
in the canine subglottis was to document its effects 
clinically, quantitatively, and histologically. Improve- 
ments in all these areas were noted, with no unto- 
ward effects at this higher concentration. Although 
there were no observable toxic effects, some degree 
of systemic absorption likely occurs through the mu- 
cosa at the area of treatment, and possibly a small 
amount distally into the trachea. Titration to dose- 
response levels and assessment of toxicity will need 
to be evaluated prior to application in human sub- 


tion are well documented and could be followed as 
with cancer chemotherapy patients.!* 


CONCLUSION 


The clinical course of dogs treated once topically 
with mitomycin-C was significantly improved as 
compared with controls. Significant airway distress 
developed in 4 of the 5 control dogs, requiring early 
sacrifice, while all treatment group animals survived 
the duration of the study (p < .006). Clinical impres- 
sions were supported by morphometric analysis con- 
firming a greater than 100% increase in the percent- 
age relative airway at sacrifice in the treatment group 
(p < .049). A statistically significant (p < .O15) de- 
crease in collagen formation in the subglottic scar of 
dogs treated with topical mitomycin-C was docu- 
mented. Mitomycin-C favorably altered the clinical 
progression of subglottic stenosis, improved quanti- 
fied airway patency, and reduced the amount of sub- 
glottic collagen formation in the canine model. 
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Phonation after partial laryngeal ablative surgery has not often been examined. Videolaryngostroboscopic recordings made after 
vertical partial laryngectomy (VPL) were retrospectively reviewed and correlated with patient historical and operative factors. Among 
VPL patients (n = 42), the most common site of vibration during phonation was the contralateral false vocal fold (17/42 patients or 
40.5%), followed by the contralateral arytenoid mucosa (10/42 or 23.8%) and the contralateral true vocal fold (8/42 patients or 
19.0%). There was no overall difference in vocal quality judgment with respect to site of vibration (ANOVA, p = .373). Vocal quality 
scores were similar with use of the pyriform mucosal flap versus other reconstructive methods (Student’s t-test, p = .568). This study 
highlights the fact that reconstruction of a new vibratory source after VPL is important for voice production. Because VPL patients 
infrequently demonstrated true vocal fold vibration, alternative sites (ie, false vocal fold, arytenoid mucosa) must be considered as 


new phonatory sources after VPL. 


KEY WORDS — vertical partial laryngectomy, videolaryngostroboscopy, voice. 


INTRODUCTION 


The unique anatomic structure of the human lar- 
ynx has allowed for the development of a variety of 
oncologically sound vertical partial laryngectomy 
(VPL) procedures for early-stage carcinomas of the 
glottis.!-© However, the phonatory ability of the par- 
tially ablated and subsequently reconstructed larynx 
has not often been examined./8 The question exists 
as to whether a variety of muscle or mucosal flaps 
used for neocord reconstruction can serve as viable 
options for postoperative voice production. Know- 
ing the site of the laryngeal vibratory source after 
VPL would help the surgeon and speech pathologist 
with respect to 1) refinement of primary reconstruc- 
tion for voice enhancement, 2) planning of postop- 
erative surgical phonatory rehabilitation, and 3) plan- 
ning of postoperative voice therapy. 


This study reports the results of postoperative vid- 
eolaryngostroboscopy in 42 patients who have under- 
gone VPL procedures and in an additional 8 patients 
who have undergone endoscopic cordectomy (total 
n = 50), in an attempt to correlate surgical techniques 
with laryngeal phonatory function. 


MATERIALS AND METHODS 


A retrospective review of the videolaryngostrobo- 
scopic tape library of the Grabscheid Voice Center 


at The Mount Sinai Medical Center revealed a total 
of 42 patients with a history of VPL and 8 patients 
who had undergone endoscopic cordectomy. The pa- 
tients entered into this study were not randomized 
and may not be representative of all VPL or endo- 
scopic cordectomy patients in general. Rather, the 
subjects represent all members of a patient cohort 
that was alive and compliant with routine local fol- 
low-up appointments during the period of time un- 
der study. For all patients, the primary surgery and/ 
or any subsequent reconstructive surgeries were per- 
formed by the senior authors (DW M.L.U., H.F.B.). 
Detailed operative reports and patient histories were 
reviewed for all patients. All videolaryngostrobo- 
scopic recordings were performed by one of the se- 
nior authors (P.W.) over the 22-month period Sep- 
tember 20, 1996, to July 21, 1998. The recordings 
were obtained an average of 31.1 months (range 1 to 
221 months) after the most recent ablative laryngeal 
surgical procedure. Videolaryngostroboscopy had 
been performed on all of these patients as part of 
routine postoperative care. 


Vertical Partial Laryngectomy. Of the 42 patients 
who underwent VPL, 34 were men and 8 were wom- 
en. The average patient age at the time of VPL was 
61.8 years. Primary diagnoses are listed in Table 1. 
Seventeen patients had received full-course external- 
beam radiotherapy to the head and neck region. There 
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TABLE 1. PREOPERATIVE DIAGNOSES OF 42 VPL 


PATIENTS 

No. of 

Diagnosis Patients 
Glottic squamous cell carcinoma Tla 9 
Tlb 6 
T2 17 
T3 3 
TX 2 
Subglottic squamous cell carcinoma 2 
Pyriform sinus squamous cell carcinoma 1 
Glottic rhabdomyosarcoma H 
Glottic Teflon granuloma i 


VPL — vertical partial laryngectomy. 


were 13 patients who represented primary irradia- 
tion failures, 3 patients who had received postopera- 
tive radiotherapy, and 1 patient who had received ra- 
diotherapy to the neck for a primary oral cavity car- 
cinoma prior to the diagnosis of laryngeal carcinoma. 
All postoperative radiotherapy was completed 21 to 
99 months prior to videolaryngostroboscopic record- 
ing. 


As with most VPL series, the surgical extent of 
resection and the technique of reconstruction were 
variable.’8 In the present study, the VPL procedure 
most commonly involved excision of the majority 
of the ipsilateral thyroid cartilage, leaving an ipsilat- 
eral posterior cartilaginous strut attached to the infe- 
rior constrictor muscle. In 8 patients, the anterior 
commissure was divided in the midline, whereas in 
the remainder of patients, the anterior commissure 
and a variable amount of the anterior portion of the 
contralateral true vocal fold and contralateral thy- 
roid cartilage was resected. In 4 patients, a posterior 
strut and a superior strut of ipsilateral thyroid carti- 
lage were left behind. In 3 patients, thyrotomy inci- 
sions were made but thyroid cartilage was not re- 
sected, although at a later date, a vertical strip of ip- 
silateral thyroid cartilage was resected and used to 
create a neocord in 1 of these patients. The 2 pa- 
tients with subglottic lesions and the 1 patient witha 
pyriform sinus carcinoma underwent ipsilateral hemi- 
cricoidectomy as part of the operative procedure. In 
2 other patients, a 1-mm to 3-mm rim of superior 
cricoid cartilage was resected in order to obtain clear 
margins for subglottic extension. The anterior com- 
missure technique was performed in 4 patients, in 
which symmetric amounts of thyroid cartilage and 
laryngeal soft tissue were resected bilaterally. 


Primary reconstruction at the time of VPL was 
most commonly accomplished with pedicled strap 
muscle flaps sutured to the thyroid perichondrium, 
pyriform sinus mucosal advancement flaps, and ro- 
tation of the posterior thyroid cartilage strut onto the 


TABLE 2. PRIMARY RECONSTRUCTIVE 
TECHNIQUES AFTER VPL 


No. of 


Technique Patients 


Pedicled strap muscle flap with thyroid 
perichondrium 31 

Pyriform sinus mucosal advancement flap 11 

Pedicled posterior thyroid cartilage strut rotational 
flap 

Ipsilateral omohyoid flap 

False vocal fold mucosal flap 

Free cartilage graft 

Skin flaps with laryngostome creation 

Dermal graft 

Split-thickness skin graft 

Pedicled hyoid bone flap 

Radial forearm free flap 

Arytenoidopexy 

Thyroid cartilage miniplates 

Laryngeal stent or keel 


— KP mu p j e bw Pi Fi R W MI 


— ` keck 


cricoid cartilage for lamina reconstruction (Table 2). 
A combination of procedures was often employed in 
the same patient in order to provide adequate recon- 
struction. 


Twenty patients underwent subsequent laryngeal 
procedures prior to videolaryngostroboscopy. The 
majority of these procedures were performed to re- 
lieve symptoms of airway obstruction. These proce- 
dures included endoscopic debridement of recon- 
structed tissue with the carbon dioxide (CO2) laser 
(11 patients, 16 procedures), endoscopic nonlaser de- 
bridement of granulation tissue (4 patients, 5 proce- 
dures), 3-stage laryngotracheal reconstruction (2 pa- 
tients), laryngostome closure (2 patients), neocord in- 
jection with either Teflon, fat, or collagen (5 patients, 
7 procedures), medialization laryngoplasty (1 patient), 
and contralateral endoscopic CO2 laser cordectomy 
(1 patient). In addition, 1 patient underwent subse- 
quent reconstruction of a persistent anterior glottic 
defect with a pedicled sternohyoid myocutaneous flap 
inserted through a midline thyrotomy. 


Endoscopic Cordectomy. Eight patients (6 men, 2 
women) underwent suspension microlaryngoscopy 
with either CO2 laser (5 patients) or conventional (3 
patients) cordectomy for glottic squamous cell car- 
cinoma. The American Joint Committee staging clas- 
sifications were the following: Tla (5 patients), T1b 
(1 patient), T2 (1 patient), and Tis (1 patient). No 
patient received radiotherapy. All procedures were 
performed by one of the senior authors (P.W.). One 
patient underwent a free buccal mucosal graft to re- 
construct the true vocal fold after resection. 


Three of the patients treated by endoscopic resec- 
tion underwent subsequent laryngeal procedures prior 
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TABLE 3. VIDEOLARYNGOSTROBOSCOPIC 
MEASUREMENTS IN VPL PATIENTS (N = 42) 


Patients 

Measurements No % 
Glottic closure 

Complete 7 16.7 

Anterior gap 4 95 

Posterior gap H- 262 

Irregular gap 10 23.8 

Cannot rate 10 23.8 
Site of vibration 

True vocal fold 8 19.0 

False vocal fold 7 40.5 

Arytenoid mucosa 10 23.8 

No site 7 167 
Vibratory behavior 

Periodic 15 35.7 

Rough 19 45.2 

No vibration 8 19.0 
Functional quality 

Patient satisfied 29 69.0 

Patient wants more 13 31.0 


to videolaryngostroboscopy. These included repeat 
endoscopic CO2 laser biopsies of the glottis (2 pa- 
tients, 6 procedures) and 1 medialization laryngoplas- 


ty. 


Videolaryngostroboscopy. Videolaryngostrobos- 
copy was performed with an Olympus ENF Type P3 
FOS flexible fiberoptic laryngoscope connected to a 
Kay RLS 9100 Rhino-Laryngeal Stroboscope light 
source. Images were viewed on a Mitsubishi Dia- 
mond Scan monitor and recorded onto Maxell !/2-in 
VHS tapes with a Mitsubishi Diamond Pro VHS tape 
recorder. A specific videostrobolaryngoscopy proto- 
col was not followed, as these examinations were 
performed as part of routine postoperative care prior 
to initiation of the study. However, on review of the 
videotapes, it was noted that most patients had been 
asked to state their names, perform a variety of ver- 
bal tasks such as counting from 1 to 10, and main- 
tain sustained production of the vowel “e.” Postop- 
erative video recordings were viewed and rated si- 
multaneously in a nonblinded manner by 4 of the 
authors of the study (D.L.M., P.W., J.M., A.M.). All 
of these authors are experienced in endoscopy and 
the rating of videolaryngostroboscopic recordings. 
Qualitative assessments and subjective ratings were 
discussed for each patient, and a consensus decision 
was made. Glottic closure during phonation was rated 
as 1) complete, 2) anterior gap, 3) posterior gap, or 4) 
irregular gap. The predominant site of vibration was 
rated as 1) true vocal fold, 2) false vocal fold, 3) ary- 
tenoid mucosa, or 4) no site of vibration. Vibratory 
behavior was rated as 1) periodic, 2) rough, or 3) no 
vibration. From the video samples, vocal quality was 


rated on a 5-point scale as follows: 1 = normal voice, 
2 = mild dysphonia, 3 = moderate dysphonia, 4 = 
severe dysphonia, or 5 = aphonia. Last, in an effort 
to measure functional vocal quality, patients were 
rated as being either 1) satisfied or 2) not satisfied 
with their voice at the time of videotaping. Patient 
satisfaction was determined by personal knowledge 
of each patient by nonblinded staff in the Voice Cen- 
ter, as well as by review of office records, in which 
patient satisfaction with voice is often noted as part 
of clinical record-keeping. The ratings for glottic clo- 
sure, site of vibration, vibratory behavior, and func- 
tional quality, as demonstrated above, were recorded 
in the form of categorical data. The x? test was chos- 
en to search for statistically significant differences 
between the distribution of categorical results (for 
example, to search for a difference between the dis- 
tribution of sites of vibration between true vocal fold, 
false vocal fold, and arytenoid mucosa) between any 
2 given groups of patients. Subjective voice quality 
ratings, on the other hand, represented continuous 
numerical data, for which a mean score could be cal- 
culated for any given group of patients. Statistically 
significant differences between vocal quality mean 
scores were determined with Student’s t-test when 
2 groups were being compared, and with a l-way 
ANOVA when 3 groups were being compared. A 2- 
sided o level of 0.05 was considered statistically sig- 
nificant for all tests. The statistics program utilized 
was SPSS 8.0 for Windows. 


RESULTS 


The results for the 42 patients who underwent VPL 
are presented in Table 3. Complete glottic closure 
was achieved in a minority of patients (16.7%). Mu- 
cosal vibration during phonation was completely ab- 
sent in 7 (16.7%) patients (most commonly due to 
an inability of contralateral laryngeal mucosa to ap- 
pose reconstructed laryngeal tissue). Among the re- 
maining 35 patients, the site of mucosal vibration 
upon phonation was most commonly noted at the 
contralateral false vocal fold (17 patients), followed 
by the contralateral arytenoid mucosa (10 patients) 
and, least commonly, at the contralateral true vocal 
fold (8 patients). A one-way ANOVA was used to 
compare the mean vocal quality scores among 3 
groups of patients: those with true vocal fold vibra- 
tion, those with false vocal fold vibration, and those 
with arytenoid mucosal vibration. Among these 3 
sites of vibration, there was no statistically signifi- 
cant difference in the mean vocal quality (Table 4). 


VPL With Arytenoidectomy Versus VPL Without 
Arytenoidectomy. Among the 42 patients who under- 
went VPL procedures, 21 patients (50.0%) under- 
went ipsilateral arytenoidectomy and 21 patients 
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TABLE 4. MEAN VOCAL QUALITY SCORE FOR EACH 
SITE OF VIBRATION AMONG VPL PATIENTS 
(PATIENTS WITH NO SITE OF VIBRATION EXCLUDED) 


No. of 

Site of Vibration Mean SD Patients 
True vocal fold 3.63 0.52 8 
False vocal fold 3.29 0.59 17 
Arytenoid mucosa 3.60 0.84 10 
Total 3.46 0.66 35 


p = .373 (ANOVA). 


(50.0%) had their arytenoid cartilages preserved. The 
videolaryngostroboscopic data for each of these 2 
groups are presented in Tables 5 and 6. Significant 
differences were noted between the 2 groups with 
respect to the overall distribution of the sites of vi- 
bration during phonation (x? test, p = .019). Within 
the arytenoidectomy group, the most common site 
of vibration was the contralateral arytenoid mucosa, 
while only 1 patient demonstrated true vocal fold vi- 
bration. In contrast, in the nonarytenoidectomy group, 
the most common site of vibration was the contralat- 
eral false vocal fold, followed closely by the con- 
tralateral true vocal fold and, last, the contralateral 
arytenoid mucosa (only 2 patients). There was no 
Statistically significant difference between the 2 
groups with respect to glottic closure, vibratory be- 
havior, mean vocal quality, or patient satisfaction with 
voice. 


Radiotherapy. Among the 42 patients who under- 


TABLE 5. VIDEOLARYNGOSTROBOSCOPIC EFFECT 
OF ARYTENOIDECTOMY IN VPL PATIENTS (N = 42) 


With Without 
Arytenoidectomy Arytenoidectomy 
(n= 21) (n=21) p 
Measurements No. %o No. P (ii 
Glottic closure A496 
Complete 2 9.5 5 23.8 
Anterior gap 2 9.5 2 9.5 
Posterior gap 7 33.3 4 19.0 
Irregular gap 6 28.6 4 19.0 
Cannot rate* 4 19.0 6 28.6 
Site of vibration 019 
True vocal fold I 4.8 7 33.3 
False vocal fold 7 33.3 10 47.6 
Arytenoid mucosa 8 38.1 2 9.5 
No site 5 23.8 3 14.3 
Vibratory behavior .079 
Periodic 4 19.0 11 52.4 
Rough 12 57.1 7 33:3 
None . 5 23.8 2 9.5 
Functional quality 095 
Patient satisfied 17 81.0 12 57.1 
Wants more 4 19.0 9 42.9 


*Excluded from x? analysis. 


TABLE 6. EFFECT OF ARYTENOIDECTOMY ON 
VOCAL QUALITY SCORE IN VPL PATIENTS (N = 42) 


Arytenoidectomy N Mean SD 
Yes 21 3.71 0.84 
No 21 3.62 0.80 
Total 42 3.67 0.82 


p =.710 (Student’s t-test). 


went VPL, 17 patients (40.5%) had undergone full- 
course external-beam radiotherapy to the larynx or 
neck, while 25 patients (59.5%) had never received 
radiotherapy to the head and neck region. Videostro- 
bolaryngoscopic data for each of these 2 groups are 
presented in Tables 7 and 8. 


There was no statistically significant difference be- 
tween groups with respect to glottic closure measure- 
ments, site of vibration, or functional quality, on the 
x” test for categorical data. However, the number of 
patients who demonstrated periodic mucosal vibra- 
tory behavior was a significantly greater number in 
the nonradiotherapy group than in the radiotherapy 
group (x? test, p = .025; Table 7). 


The mean vocal quality score for the radiotherapy 
group was 3.94, indicating more severe dysphonia 
than for the nonradiotherapy group, which had a mean 
of 3.48 (Table 8). The difference between these means 
approached, but did not achieve, statistical signifi- 
cance (Student’s t-test, p = .072). 


Pyriform Sinus Mucosal Flap. Among the 21 pa- 


TABLE 7. VIDEOLARYNGOSTROBOSCOPIC EFFECT 
OF RT ON VPL PATIENTS (N = 42) 


With RT Without RT 
(n = 17) (n = 25) p 
Measurements No. % No. % (x?) 
Glottic closure 395 
Complete 2 11.8 2 20,0 
Anterior gap 2 11.8 2 8.0 
Posterior gap 5 29.4 6 24.0 
Irregular gap 7 41.2 3 12.0 
Cannot rate* ] 5.9 9 36.0 
Site of vibration 128 
True vocal fold 3 17.6 5 20.0 
False vocal fold 4 2550 13 52.0 
Arytenoid mucosa 7 41,2 3 12.0 
No site 3 17.6 4 16.0 
Vibratory behavior .025 
Periodic 2 11.8 13 52.0 
Rough 10 58.8 9 36.0 
None 5 29.4 3 12.0 
Functional quality 237 
Patient satisfied 10 58.8 19 76.0 
Wants more 7 41.2 6 24.0 


RT — radiotherapy. 
*Excluded from x? analysis. 
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TABLE 8. EFFECT OF RT ON VOCAL QUALITY 
SCORE IN VPL PATIENTS <N = 42) 


RT N Mean sD SE 
Yes 17 3.94 0.83 0.20 
No 25 3.48 0.77 0.15 
Total 42 3.67 0.82 0.13 


p = .072 (Student’s t-test). 


tients who underwent VPL with arytenoidectomy, a 
pyriform sinus mucosal flap was utilized for laryn- 
geal reconstruction in 10 patients (47.6%), and not 
utilized in 11 patients (52.4%). The videolaryngostro- 
boscopic data for each of these 2 groups are presented 
in Tables 9 and 10. No statistical differences were 
noted between groups with respect to glottic closure 
measurements, site of vibration, vibratory behavior, 
mean vocal quality scores, or patient satisfaction with 
voice. 


Endoscopic Cordectomy. The viceostrobolaryngo- 
scopic data for the 8 patients who underwent endo- 
scopic cordectomy and the 42 patients who under- 
went VPL are presented in Tables 11 and 12. Endo- 
scopic cordectomy patients performed better than 
VPL patients with respect to all measured parame- 
ters. 


DISCUSSION 


Vertical partial laryngectomy techniques have been 
well described and popularized as a means of eradi- 
cating select laryngeal carcinomas while attempting 


‘TABLE 9. VIDEOLARYNGOSTROBOSCOPIC EFFECT 
OF PYRIFORM MUCOSAL FLAP RECONSTRUCTION 
IN PATIENTS WHO UNDERWENT VPL WITH 


ARYTENOID RESECTION 
With Pyriform Without Pyriform 
- Flap (n = 10) Flap (n = 11) p 

Measurements No. % No. % (oi 

Glottic closure .962 
Complete l 10.0 I 9.1 
Anterior gap I 10.0 J 9.1 
Posterior gap 3 30.0 4 36.4 
Irregular gap 2 20.0 4 36.4 
Cannot rate* 3 30.0 1 9.1 

Site of vibration 400 
True vocal fold 0 0.0 l 9.1 
False vocal fold 5 50.0 2 18.2 
Arytenoid mucosa 3 30.0 > 45.5 
No site 2 20.0 3 213 

Vibratory behavior 926 
Periodic 2 20.0 2 18.2 
Rough 6 60.0 6 54.5 
None 2 20.0 3 27.3 

Functional quality 314 
Patient satisfied 9 90.0 8 E 
Wants more I 10.0 3 27.3 


*Excluded from y? analysis. 


TABLE IO EFFECT OF PYRIFORM SINUS MUCOSAL 
FLAP ON VOCAL QUALITY SCORE IN VPL PATIENTS 
WITH ARYTENOIDECTOMY (N = 21) 


Pyriform Flap N Mean SD 
Yes 10 3.60 0.27 
No 11 3.82 0.26 


p = .568 (Student’s t-test). 


to preserve the basic laryngeal functions of respira- 
tion, prevention of aspiration, and phonation. !-5 Re- 
construction of the post-VPL defect involves replace- 
ment of tissue bulk to provide a surface against which 
contralateral mucosa can vibrate and produce voice. 
Most reconstructive techniques involve the use of lo- 
cal muscle, mucosal, perichondrial, or cartilage flaps.® 


The utility of videostroboscopy for clinical evalu- 
ation of the larynx has been well described.’ The tech- 
nique utilizes pulses of light that intermittently illu- 
minate the vocal folds. Fusion of these images by 
the human eye results in perceived mucosal motion. 
In the normal larynx, videostroboscopy can be used 
to observe such characteristics as vocal fold sym- 
metry, periodicity and amplitude of vocal fold vibra- 
tion, glottic closure, vocal fold mucosal wave, and 
vocal fold stiffness. 


In this study, videolaryngostroboscopy was per- 
formed in 42 patients who had previously undergone 
VPL procedures. Phonation in the majority of VPL 
patients appeared to originate from vibratory activ- 
ity at sites other than the glottis. Hirano et al’ in 1987 
demonstrated that patients who had undergone ex- 


TABLE 11. VIDEOLARYNGOSTROBOSCOPIC EFFECT 
OF ENDOSCOPIC CORDECTOMY COMPARED TO VPL 


VPL Cordectomy 
(n = 42) (n = 8) p 
Measurements No. %o No. J (W) 
Glottic closure .009 
Complete 7 16.7 6 75.0 
Anterior gap 4 9.5 2 25.0 
Posterior gap 1] 26.2 
Irregular gap 10 23.8 
Cannot rate* 10 23.8 
Site of vibration .000 
True vocal fold 8 19.0 8 100.0 


False vocal fold 17 40.5 
Arytenoid mucosa 10 23.8 


No site 7 16.7 

Vibratory behavior .004 
Periodic 15 35.7 8 100.0 
Rough 19 45.2 
None 8 19.0 

Functional quality .093 
Patient satisfied 29 69.0 8 100.0 
Wants more 13 31.0 


*Excluded from x? analysis. 
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TABLE 12. COMPARISON OF MEAN VOCAL QUALITY 
SCORES BETWEEN ENDOSCOPIC CORDECTOMY 
PATIENTS AND VPL PATIENTS 


Cordectomy N Mean SD 
Yes 8 2.12 0.35 
No 42 3.67 0.82 
Total 50 3.42 0.95 


p < .0001 (Student’s tres, 


tended frontolateral laryngectomy with subsequent 
reconstruction commonly demonstrated vibration of 
nonglottic sites, particularly at the false vocal fold 
(55% of patients). It was also shown that maximum 
phonation time was decreased, while mean airflow 
rate during phonation was increased, compared to 
normative data. In that report, complete glottic clo- 
sure was achieved in only 19% of patients.’ In the 
present study, only 16.7% of VPL patients demon- 
strated complete glottic closure. 


In the present study, vocal quality scores were sta- 
tistically similar among VPL patients, regardless of 
the location of the vibratory source. The most com- 
mon rating after VPL was “moderate dysphonia.” 


Among VPL patients, arytenoidectomy significant- 
ly changed the site of vibration during phonation. 
Arytenoidectomy patients demonstrated more con- 
tralateral arytenoid mucosal vibration and less true 
vocal fold vibration when compared to VPL patients 
in whom the arytenoid cartilages had been preserved. 
Using videolaryngoscopy, Blaugrund et alë reported 
supraglottic involvement in voice production to be a 
predominant finding in VPL patients in whom 1 ary- 
tenoid had been resected as compared to those pa- 
tients in whom the arytenoid cartilages had been 
spared. 


In the present study, among patients who under- 
went VPL with arytenoidectomy, the use of the pyri- 
form sinus mucosal advancement flap did not affect 
mean vocal quality (p = .568, Table 10). Reconstruc- 
tive techniques other than the pyriform sinus muco- 
sal flap were utilized either too frequently or too in- 
frequently (Table 2) to be subjected to a meaningful 
statistical evaluation with respect to their effects on 
vocal quality. 


The majority of VPL patients in the present study 
(29/42 or 69.0%) were satisfied with their voices at 
the time of videolaryngostroboscopy. Despite ratings 
of “moderate” or “severe” dysphonia, most patients 
were able to use their voice satisfactorily in daily 
activities and did not seek further voice improvement. 
These findings are echoed in a study by Schuller et 
al,!9 in which 12 of 12 patients who had undergone 
vertical hemilaryngectomy with pyriform sinus mu- 
cosal reconstruction reported excellent or satisfac- 


tory voice on a self-assessment questionnaire. 


Among those VPL patients who received radiother- 
apy in the present study, a significant decrease in pe- 
riodic mucosal vibration upon phonation was noted 
when compared to nonirradiated patients (7? test, p 
= .025), as was a trend toward poorer vocal quality 
(Student’s t-test, p = .072). These findings are simi- 
lar to those noted by Lehman et al,!! in which 20 
patients treated solely with radiotherapy for early 
glottic carcinoma commonly displayed vocal fold 
stiffness on videolaryngostroboscopy, in addition to 
poor voice production. 


Endoscopic cordectomy, either with the CO2 la- 
ser as first described by Strong and Jako}? or with 
standard microsurgical techniques, has been shown 
to be a viable treatment option in patients with early- 
stage glottic carcinoma.!>!4 In a study by Casiano et 
al,!9 videolaryngostroboscopy of 6 post-CO2 laser 
cordectomy patients demonstrated an impaired mu- 
cosal wave and incomplete glottic closure, with mod- 
erate to breathy dysphonia. However, in a study by 
Schuller et al,!°5 of 5 patients who underwent endo- 
scopic CO2 laser cordectomy were satisfied with their 
postoperative voices. It was noted by Keilmann et 
allé that laser cordectomy patients more often pho- 
nated on a purely glottic level, with better vocal qual- 
ity, as compared to patients who had conventional 
cordectomy, although nearly all patients in both 
groups were Satisfied with their postoperative vocal 
quality. 


In the present study, although the treated vocal fold 
appeared stiff after CO2 laser cordectomy, complete 
glottic closure was achieved, with periodic vibratory 
activity noted in the contralateral fold. An anterior 
glottic gap was noted upon phonation in 2 of 3 non- 
laser endoscopic cordectomy patients. Vocal quality 
ratings made after endoscopic cordectomy ranged 
from mild to moderate dysphonia, and all patients 
were satisfied with their postoperative voices. The 8 
endoscopic cordectomy patients in this study per- 
formed significantly better than the 42 VPL patients 
with respect to all measured parameters. 


CONCLUSION 


This study highlights some important features of 
VPL as it relates to voice reconstruction. First, it 
should be noted that VPL is an oncologically satis- 
factory surgical procedure, even after irradiation fail- 
ure. Second, despite a suboptimal postoperative 
voice, the majority of patients were nonetheless sat- 
isfied with their phonatory ability. The opportunity 
to live without a stoma, with a normal swallow and 
some residual dysphonia, was accepted by patients 
overwhelmingly over other alternatives. Only in high- 
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ly demanding vocal professions (ie, executives, ac- 
tors, dentists, doctors) were further voice restoration 
procedures sought after hemilaryngectomy. Third, 
vocal reconstruction after VPL and extended VPL 
remains a surgical challenge. That few post-VPL pa- 
tients had normal glottic vibration points to the dif- 
ficulty of restoring pliable anatomic structures re- 
sected at surgery. During reconstruction, soft, pliable 
tissue may be provided by a pyriform sinus mucosal 


flap, false vocal fold imbrication, or a buccal mu- 


cosal graft, all of which represent examples of tissue 
that may be more pliable than a standard muscle- 
perichondrial flap. Furthermore, care must be exer- 
cised after surgery to avoid resecting new vibratory 
structures in an attempt to better visualize the glot- 


tis. 


Finally, rehabilitation by voice therapy should aim 
to produce a glottal sound source if possible. How- 
ever, phoniatric therapy to promote false vocal fold 
vibration and arytenoid-to-epiglottis sources of vi- 
bration can produce very satisfactory phonatory re- 
sults. 


This study demonstrates that laryngeal reconstruc- 
tion after VPL provides the soft tissue bulk neces- 
sary for mucosal contact and vibration upon phona- 
tion. Videolaryngostroboscopic recordings demon- 
strated that nonglottic phonatory sources (ie, false 
vocal fold, arytenoid mucosa) are often responsible 
for the successful phonation observed after VPL. 
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ELECTRON MICROSCOPIC AND IMMUNOHISTOCHEMICAL 
INVESTIGATION OF REINKE’S EDEMA 
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Examination was made of the vocal fold mucosa of Reinke’s edema immunohistochemically and electron microscopically, with 
special attention to blood vessels in Reinke’s space (RS). Ten surgical specimens of Reinke’s edema were used, and the results 
obtained are summarized as follows. 1) There were subepithelial vascularization and many dilated vessels in RS. 2) The vessels had 
thin endothelium with many fenestrae, many vesicles, and a thickened basement membrane. 3) Plasma exuded from the capillaries 
into surrounding tissue via fenestrae. 4) These findings demonstrate increased permeability of the vessels. 5) The vascular walls 
were thin, with few pericytes. 6) The pericytes were situated away from the endothelial cells. 7) Some endothelial cells and pericytes 
had degenerated, and vessel occlusion was apparent in some cases. 8) These findings indicate the vessels had become fragile. 9) 
Interstitial cells and/or inflammatory cells in RS showed stained cytoplasm with vascular endothelial growth factor. 10) This growth 
factor may possibly enhaiice capillary permeability and form fragile vessels in RS. Fragility and alteration in permeability of the 
vessels are presumed to cause edema of RS, which may progress to Reinke’s edema. 


KEY WORDS — electron microscopic study, immunohistochemical study, Reinke’s edema, vascular endothelial growth factor. 


INTRODUCTION 


Reinke’s edema is a common disease of the vocal 
fold ultimately causing changes in voice quality. The 
entire length of the membranous vocal fold is edema- 
tous and swollen.! Histologically, the primary fea- 
ture is edema in Reinke’s space The most frequent 
etiologic factors of Reinke’s edema are considered 
to be smoking and aging.* The mechanism for the 
onset and development of the disease remains un- 
clear. 


During endolaryngeal microsurgery of Reinke’s 
edema, subepithelial vascularization is seen in the 
vocal fold mucosa. The vessels are not parallel to 
the edge of the vocal fold, but run in random direc- 
tions and are particularly conspicuous in severe cas- 
es. Edema in Reinke’s space appears to be related to 
blood vessels in this space. 


Examination was made of the vocal fold mucosa 
of Reinke’s edema immunohistochemically and elec- 
tron microscopically, with special attention to blood 
vessels in the superficial layer of the lamina propria 
(Reinke’s space). Based on the results obtained, a 
mechanism for onset and subsequent development 
of this disease 1s discussed. 


MATERIALS AND METHODS 


Ten vocal fold specimens with Reinke’s edema 
obtained during endolaryngeal microsurgery and 3 


normal vocal fold specimens from autopsy cases 
were used. 


For transmission electron microscopy (TEM), 3 
surgical specimens of Reinke’s edema and 3 normal 
vocal folds were fixed in 2.5% glutaraldehyde at 4°C 
for 2 hours, rinsed with cacodylate buffer solution, 
and postfixed in 2% osmium tetroxide at 4°C for 2 
hours. These specimens were dehydrated in a grad- 
ed series of concentrations of ethanol and embed- 
ded in epoxy resin. Semithin sections were prepared 
with an ultramicrotome, stained with 1% toluidine 
blue, and examined with a light microscope. Thin sec- 
tions were made with an ultramicrotome and stained 
with uranyl acetate and lead citrate and tannic acid 
stain. Observation was conducted with a JEM-2000- 
EX transmission electron microscope. 


The vascular endothelial growth factor (VEGF) 
was detected histologically in formalin-fixed and par- 
affin-embedded tissue by immunohistochemistry. 
This growth factor was used since it specifically acts 
on endothelial cells of vessels. For immunohisto- 
chemical study, a labeled streptavidin-biotin stain- 
ing kit DAKO, USA) was used. Seven paraffin-em- 
bedded surgical specimens of Reinke’s edema and 3 
normal vocal folds were sectioned at 5- to 6-um 
thickness and mounted on glass slides. Deparaffi- 
nized and hydrated sections were rinsed with 0.01- 
mol/L phosphate buffered saline (PBS) at pH 7.4 and 
treated with 0.1% trypsin (Sigma) in Tris-buffered 
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Fig 1. Capillary in Reinke’s space of normal vocal fold 
mucosa. EC — endothelial cell, CB — cell body of peri- 
cyte, CP — cytoplasmic process of pericyte, BC — basal 
cell of epithelium. 


saline for 30 minutes at 37°C. The specimens were 
covered with 3% hydrogen peroxide for 5 minutes 
and rinsed with 0.01-mol/L PBS, followed by treat- 
ment with normal goat serum. The specimens were 
then incubated with the primary antibody overnight 
at 4°C. A 1:500 diluted polyclonal antibody against 
VEGF (Oncogene Science, Inc, Cambridge, Mass) 
was used. After rinsing with PBS and labeling with 
a streptavidin-biotin staining kit, a color reaction was 
developed with 3,3'-diaminobenzidine for about 10 
minutes at room temperature. Immunoreactivity was 
examined by light microscopy. 


RESULTS 


Figure | shows a capillary in the superficial layer 
of the lamina propria (Reinke’s space) of normal vo- 
cal fold mucosa. There were only small vessels, such 
as capillaries, arterioles, and venules, in this space. 
The capillaries were about 10 um in diameter (Fig 
1). Cell bodies and processes of the pericytes encir- 
cled the capillaries and were attached to their walls 
(Fig 1). The cell bodies and endothelial cells re- 
mained separated by a gap of 300 to 500 nm. The 
processes were in close contact with endothelial cells, 
sharing a common basement membrane with endo- 
thelial cells. 


Figure 2 shows blood vessels in the superficial 
layer of lamina propria (Reinke’s space) of the vo- 
cal fold mucosa in Reinke’s edema. Subepithelial 
vascularization was evident in Reinke’s space. Blood 
vessels were dilated and 20 to 30 um in diameter 
(Fig 2A,B). The blood vessel walls were thin (Fig 
2A,.B), as was the cytoplasm of the endothelial cells 
(Fig 2A,B). The cytoplasm (cell body and branch- 
ing cytoplasmic processes) of the pericytes was thin 
(Fig 2A,B). The cell bodies and branching processes 


were not attached to the endothelial cells of the ves- 
sels (Fig 2A). The pericytes were situated away from 
the endothelial cells, and shared the thickened base- 
ment membrane with them (Fig 2A). The number of 
pericytes had decreased. 


Many vesicles were present in the cytoplasm of 
the endothelial cells of the vessels, and the endothe- 
lial cells possessed many fenestrae (Fig 2C). Plas- 
ma exuded from the capillaries into surrounding tis- 
sue via the fenestrae (Fig 2D). Thickened basement 
membrane and dense reticular fibers were noted 
around the vessels (Fig 2B,C). Capillary permeabil- 
ity thus appeared to be increased in Reinke’s edema. 


The endothelial cells and pericytes of some ves- 
sels were degenerated, and partial or complete ves- 
sel occlusion was seen in some cases (Fig 2E,F). 


Figure 3 shows the immunohistochemical find- 
ings of VEGF in the superficial layer of the lamina 
propria (Reinke’s space) of the vocal fold mucosa in 
Reinke’s edema. In 5 of the 7 cases, interstitial cells 
(Fig 3A,B) and/or inflammatory cells (Fig 3C) in 
the superficial layer of the lamina propria (Reinke’s 
space) of the vocal fold mucosa showed cytoplasm 
staining with VEGF, while this growth factor stained 
no component in the lamina propria of the normal 
vocal folds. 


DISCUSSION 


Reinke’s edema has several different names. such 
as polypoid vocal fold, polypoid degeneration, chron- 
ic polypoid corditis, and chronic edematous hypertro- 
phy.! Histologically, the primary feature of this dis- 
ease is edema in the superficial layer of the lamina 


_ propria or Reinke’s space. ` The pathology is not 


degeneration, inflammation, or hypertrophy.' The 
mechanism for the onset and development of Reinke’s 
edema remains unclear. 


The blood vessels are unique at the normal vocal 
fold edge, where only small vessels such as capillar- 
ies, arterioles, and venules are present." The ves- 
sels enter the vocal fold edge from the anterior or 
posterior end of the membranous vocal fold and run 
essentially parallel to the edge. Their structure is 
suited for vibration.*-> Pericytes surround the capil- 
laries in the vocal fold mucosa and provide mechani- 
cal support and protection to the capillary walls, par- 
ticularly during phonation.® 


Marked pathological changes in vessels in the su- 
perficial layer of the lamina propria (Reinke's space) 
were noted in this study. Many dilated vessels were 
present in Reinke’s space, and telangiectasia was a 
major feature of the disease. The capillary diameter 
varied considerably, even in the middle portion of 
the vocal fold mucosa. The vessels had thin endothe- 
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Fig 2. Trans 
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Degenerated and occluded vessels, 





lium with many fenestrae and vesicles and thickened 
basement membrane, indicating increased permeabil- 
ity. Plasma was found to exude from the capillaries 
into surrounding tissue via the fenestrae. Vascular 
wall thinning and a reduction tn pericytes were also 
apparent. The pericytes were situated away from the 
endothelial cells. The pericytes appeared not to ade- 
quately support and protect the capillary walls, partic- 
ularly during phonation. Some endothelial cells and 
pericytes had degenerated, and vessel occlusion was 





mission electron microscopy of Reinke’s space of vocal fold mucosa in Reinke’s edema. EC — endothelial cell, 
~~ thickened basement membrane of endothelial cells. A-D) Dilated blood vessels. 
es. arrowheads — fenestrae, D) Fenestra of vessel. Arrowhead — fenestra and plasma exuding from capillary. E.F) 


sometimes seen. Thus, the vessels in Reinke’s edema 
are fragile, and this fragility may affect the blood 


a 


circulation in the vocal fold mucosa. 


The VEGF, also known as vascular permeability 
factor, is a secreted heparin-binding cytokine. The 
VEGF has been implicated in the control of angio- 
genesis due to its selective mitogenic stimulation of 
vascular endothelial cells and enhancement of vascu- 
lar permeability. 


Sato 
















Subepithelial vascularization, telangiectasia of the 
vessels, and increased permeability of the vessels 
were observed in this study. In 5 of 7 cases, the in- 
terstitial cells and/or inflammatory cells in the lam- 
ina propria showed cytopla m stained with VEGF. 
The absence of staining in the other cases may indi- 

sate protein degeneration during collection and pro- 
cessing, or sampling outside the time period of maxi- 
mal VEGF production. The lamina propria of the 
normal vocal folds showed no staining by VEGF. 











The VEGF produced by interstitial cells and/or 
inflammatory cells in Reinke’s space may promote 
vascularization and an increase in vessel permeabil- 


ity. 





The most frequent etiologic factors of Reinke 's 
edema are considered to be smoking and aging.- An- 
other possible etiologic factor is vocal abuse. Smok- 
ing causes the blood flow through the vessels to de- 
crease. It increases platelet aggregation? and changes 
blood lipid and lipoprotein concentrations.’ It also 
increases carboxyhemoglobin,’ with a consequent re 





Fig 3. Vascular endoth 
staining. A) VEGF in Re oke 
(original x200). SE — 
B) VEGF staining in cytoplasm of interstitial cell 
on A (original x400). C) VEGF staining in cytopk 
yin RS (original x400). 
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lial growth factor (VEGF), shown by immunohistochemical 
s space (RS) of vocal fold mucosa in Reinke’s edema 
squamous epithelium, B —— region shown in B part of Figure. 

(arrowhe ads) in RS region marked 
m of inflammatory cells Carrow- 




















duction in the ability of hemoglobin to deliver oxy- 
gen to tissue. Smoking enhances the possibility of 
thrombosis in the vocal fold mucosa. These deleteri- 
ous effects of smoking lead to hypoxia and ischemie 
and affect the blood circulation in the vocal fold mu- 
cosi 


Age-related changes in the vessels increase the 
possibility of deg is and decrease blood flow 
through the vessels, thus also leading to hypoxia and 
ischemia. 





H 





Even in normal vocal folds, the blood flow of the 
vocal fold mucosa is reduced during phonation.” 
Fragile vessels not parallel to the edge of the vocal 
fold but running in random directions in Reinke’s 
space are easily injured and collapse during phona- 
tion. The vibration patterns of the edematous voca! 
folds of Reinke’s edema have changed, with an addi- 
tional adverse effect on fragile vessels. 








These etiologic factors bring about hypoxia and 
ischemia of the vocal fold mucosa. Hypoxia in vitro 
and ischemia in vivo increase VEGF messenger RNA 
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in normal tissues and in certain human tumors.!! Thus, fragility of and alteration in the permeabili- 

These disorders may increase VEGF, with possibly ty of the vessels are presumed to cause edema of the 

greater subepithelial vascularization and capillary superficial layer of the lamina propria (Reinke’s 
permeability in Reinke’s space. space), which may progress to Reinke’s edema. 
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The role of human papillomavirus (EPV) in airway papillomas has been well defined in recent literature. The chronicity and 
recurrence of papillomas has been postulated to be a result of residual viral genome in tissue treated with standard laser techniques. 
Thirteen patients with airway papillomas were selected for study with polymerase chain reaction (PCR) methods to detect viral 
DNA. Specimens taken prior to laser therapy and specimens taken at laser margins were consistently positive for HPV DNA by 
PCR. The HPV DNA is apparently present in tissues after macroscopic disease has been ablated by laser techniques. Histologic 
analysis of laser biopsies demonstrated fragments of squamous epithelium with cytologic features of HPV infection. Laser treatment 
is ineffective in eradicating HPV-infected tissues from airway papillomas, and this finding supports the notion that recurrence Is a 
product of HPV incorporated into tissue not ablated by laser irradiation. Specific methods, results, and clinical correlation will be 


discussed. 


KEY WORDS — human papillomav:rus, recurrent respiratory papillomatosis. 


INTRODUCTION 


Recurrent respiratory papillomatosis (RRP) re- 
mains a challenging and often frustrating disease 
entity to treat. Despite significant advances in the 
molecular-biologic characterizaticn of the disease 
process and potential medical therapies, the main- 
stay of treatment has remained surgical extirpation.! 
At present, laser therapy of recurrent papillomas via 
the aerodigestive tract represents the state-of-the-art 
surgical therapy. Enhancement of laser therapy with 
additional medical methods such as interferon has 
been proven modest.? 


During the clinical course of RRP, certain sites of 
the respiratory tract have a predilection for infection 
and recurrence. These areas of the respiratory tract 
contain squamous epithelium eithe> as a normal ana- 
tomic location (ie, true vocal cords) or as a result of 
trauma, irritation, or surgical exposure.’ Studies have 
demonstrated that the human papillomavirus (HPV) 
establishes itself in the basal layer of squamous epi- 
thelium, probably after one of the aforementioned 
incidents. Following infection, there is a stimulation 
of cell growth and a change in the normal cell matura- 
tion. These alterations manifest in the formation of 
a papilloma. Molecular and biochemical techniques 
have demonstrated the presence of viral DNA and 
viral protein at various levels of the squamous epithe- 
lium within papillomas.4> Viral DNA, most likely 
representing a latent form of the virus, has also been 


detected in apparently normal tissues throughout the 
aerodigestive tract in patients with RRP. The compli- 
cating factor in RRP has been postulated to be a prod- 
uct of this latent form of the virus that can remain 
hidden within the clinically normal mucosa.® 


The mechanism by which the HPV recurs follow- 
ing surgical therapy is still not well understood. Re- 
currence may result from multiple factors; there may 
be incomplete removal, stimulation of latent virus, 
or new infection. Our studies are an examination of 
the molecular-biological and histologic features of 
papilloma resection sites at the time of surgery. 


MATERIALS AND METHODS 


Patient Selection. Thirteen patients were selected: 
from patient groups of 4 separate surgeons from the 
University of Kansas Medical Center. Each patient 
had previously received a diagnosis of recurrent pap- 
illomatosis of the upper aerodigestive tract requir- 
ing repeated surgical therapy. Following consent for 
sample collection, each patient was treated with la- 
ser therapy in the standard fashion as directed by the 
surgeon. Biopsy specimens were removed before mi- 
crolaryngeal laser surgery and after surgery at the 
laser bed margin. All samples were immediately fro- 
zen in liquid nitrogen and DNA was extracted at a 
later time; some samples were formalin-fixed and 
paraffin-treated for histologic analysis. Laser therapy 
was performed under direct laryngoscopy with either 
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TABLE 1. PAPILLOMA PATIENT PROFILE 


Patient Age of No. of Papilloma 

No. Age (y) Onset Surgeries Status 
1 2 I 12 Active 

2 3 2 9 Active 

3 3 1.5 6 Active 

4 3 3 4 Active 
5 4 15 20 Active 

6 4.5 2 50 Active 

7 6 4 15 Active 

8 20 15 12 Active 

9 25 4 128 Active 
10 34 32 4 Active 
1l 36 32 5 Active 
12 38 3 70 Active 
13 39 34 4 Active 


Adjuvant 

Site Therapy Sex 
SUP, G IF M 
G, SUB None F 
G None M 
G None F 
G, SUB None F 
SUP, G, SUB, tracheal IF, VIT M 
G, SUB None F 
SUP, G None F 
SUP, G, SUB None M 
Nasal None M 
G, SUB AC, VIT M 
G None F 
SUP, G AC F 


SUP — supraglottic, G — glottic, IF — interferon, SUB — subglottic, VIT — “cruciferous” vitamins, AC — acyclovir. 


Reeg 


a Sharplan carbon dioxide laser at a wavelength of 
10.6 um or a Laser Scope potassium titanyl phosphate 
laser at 532 nm. Laser therapy was under the direction 
of the staff surgeon, as was the final laser margin. 


Polymerase Chain Reaction Techniques. The DNA 
extracts were obtained from equal-size tissue frag- 
ments measuring approximately 0.05 cm? in volume. 
Each tissue fragment was treated with 500 uL of xy- 
lene in 2 sequential washings followed by 2 sequen- 
tial washings in 500 UL of absolute ethanol. The tis- 
sue was dried for approximately 3 to 8 hours with a 
vacuum pump at room temperature. Extracts were 
created with a solution of 100-mmol/L Tris and 1- 
mmol/L ethylenediaminetetraacetic acid with 400 
ug/mL of proteinase-K and incubated at 55° for 3 
hours. The extracts were boiled for 10 minutes. To- 
tal extraction volume ranged from 100 to 300 uL, 
depending on tissue size. 


The final DNA concentration was 100 to 500 ugi 
mL. Five- to 10-uL aliquots were used in each poly- 
merase chain reaction (PCR). Samples from paraf- 
fin-fixed tissue were extracted by the same method 
described above with 7 to 10 slices (8 um thick each). 


The PCR was performed as described by Manos 
et al.’ Primers used in this study (MY09 and MY11) 
were designed by Manos et al to amplify a 450 base 
pair fragment of DNA from common types of HPV 
(HPV 6, 11, 16, 18, and 31/33). To ensure the pres- 
ence of amplifiable DNA in negative reactions, each 
sample was also tested with B-globin primers de- 
signed to amplify the 350 base pair fragment from 
human B-globin gene. Physical separation of DNA 
extractions and amplification areas were provided 
to avoid false-positive PCR results due to amplicon 
carryover. The PCRs were carried out at a volume 
of 75 uL with a final concentration of 4-mmol/L mag- 


nesium chloride, 20 pmol of each primer, and 1.25 
units of Taq-Polymerase. Reactions were overlaid 
with 100 uL mineral oil and subjected to 40 cycles 
on a Perkin-Elmer Cetus. 


Dot-Blot Hybridization. Following PCR amplifi- 
cation, 6 UL of each PCR reaction mixture was blot- 
ted onto 6 different nylon membranes (Zeta-probe, 
Bio-Rad) with a dot-blot apparatus. The membranes 
were then hybridized to digoxigenin-labeled oligonu- 
cleotide probes that contained sequences specific for 
HPV, including a consensus probe and probes spe- 
cific for HPV 6, HPV 11, HPV 16, HPV 18, and 
HPV 31/33. Following hybridization, the membranes 
were washed once with 2X SSPE followed by 2 
washes with 0.5X SSPE. The hybridized probes were 
detected with an alkaline-phosphatase—conjugated 
antibody directed against digoxigenin followed by 
chemoluminescent detection with a Rad-Free sys- 
tem (Sarstedt). 


RESULTS 


Thirteen patients with recurrent papilloma of the 
upper aerodigestive tract were included in this study 
(Table 1). The age of the patients ranged from 2 to 
39 years, and the duration of disease ranged from 1 
to 35 years. Three of the patients exhibited adult- 
onset disease, while the remaining 10 cases were of 
pediatric onset. All patients presented with common 
symptoms of papilloma requiring surgical therapy. 


Patients were enrolled in the study from April 1995 
to December 1995. Surgery was directed by 1 of 4 
staff surgeons. Patients underwent standard endo- 
scopic laser therapy with either a potassium titanyl 
phosphate laser or a carbon dioxide laser. Four of ` 
the patients were also receiving adjuvant therapy con- 
sisting of acyclovir, interferon, or “cruciferous” vi- 
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TABLE 2. POLYMERASE CHAIN REACTION AND 





No. of Na, 
Patient Biopsy Positive Surgeon Laser 
No. Pairs* for HPV No. Type 








I 5 S bee CO2, KTP II 
2 7 7 l CO2 Il 
3 I I | CO? 6 
4 4 4 CO? 11 
5 > 5 l CO? II 
6 4 4 l CO2, KTP E 
7 4 4 1.2 CO2, KTP 6 
8 l | 2 KTP 6 
9 2 2 2 KTP 6 
10 3 3 : CUD 6.31 
II 2 2 3 CO2 6 
12 2 2 l CO? Il 
13 | | 3 CO? 6 


HPV — human papillomavirus, CO2 — carbon dioxide, KTP — 
potassium titanyl phosphate. 





Before and after laser procedure. 














tamin supplement. The majority of the patients had 
glottic or supraglottic papillomas, with | patient hav- 
ing nasal septal lesions only. All patients had actively 
recurring lesions during the course of therapy. 


Biopsies were performed on pre-laser and post- 
laser frozen tissue specimens. Each specimen was 
tested for presence of HPV DNA by the PCR tech- 
nique. A total of 41 pairs of pre-laser and post-laser 
specimens from the 13 patients were processed (Ta- 
ble 2). All (100%) post-laser specimens were posi- 
tive for HPV DNA. To monitor for possible intraop- 
erative contamination resulting in false positive 
adenoid tissue from 10 patients without papilloma 
was tested for HPV DNA by PCR. All 10 specimen 
were negative for HPV DNA and were positive for 
human B-globin gene (data not shown). 


























The specimens from each patient were subtyped 
for the common mucosal HPV species by dot-blot 
hybridization techniques. A total of 7 patients were 
positive for HPV type 6, and 6 were positive for HPV 
type 11. One patient was also positive for HPV type 
31. 


Hematoxylin and eosin—stained sections from bi- 
opsy specimens taken before and after treatment were 
examined for evidence of HPV infection. Sections 
taken from papillomas before treatment consisted of 
fragments of squamous epithelium containing nu- 
merous cells with cytologic features consistent with 
HPV infection, including hyperchromatic raisin- 
haped nuclei, perinuclear halos, and multinucleate 
forms. Sections taken from laryngeal mucosa after 
treatment consisted of coagulated submucosa and 
small fragments of squamous epithelium. In some 




















Fig |. Biopsy specimens (H E E). A) Pre-laser (original 
x75}. Bi Post-laser (original x40), ©) Post-laser Lomp: 
nal x 100). 
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of the posttreatment sections, the squamous epithe- 
lium was found to contain cells with cytologic fea- 
tures of HPV infection (Fig 1). 


The above histologic samples were tested for the 
presence of HPV DNA by PCR techniques. Paired 
specimens were cut from paraffin blocks and DNA 
was extracted for PCR analysis. All specimens tested 
positive for HPV DNA. Results of 2 paired speci- 
mens are shown in Fig 2. 





À 








DISCUSSION 


The group of patients in this study have the typi- 
cal characteristics for RRP." The pediatric-to-adult 
ratio is 3 to |. The site of lesion is primarily laryn- 
geal (glottic or supraglottic). All patients have re- 
quired multiple surgeries for recurrent disease, and 
viral types were either 6 or 11. the subtypes most 
common in RRP. 
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Fig 2. Gel electrophoresis of samples amplified with hu- 
man papillomavirus (HPV) consensus primer (MY09 and 


control containing water only. Lane 6 is HPV plasmid 
control. Lane M is molecular weight marker ladder; 400 
and 700 indicate base pair markers. Lanes contain equal 
amounts of amplification mixture. 


The postulated mechanisms by which papillomas 
recur include infection from distant sites, stimula- 
tion of latent virus, and incomplete removal of papil- 
loma from the surgical site. It has been demonstrated 
that clinically normal mucosa surrounding papilloma 
can harbor latent virus.°-? Other authors have demon- 
strated measurable viral DNA at locations through- 
out the aerodigestive tract in patients with RRP!° 
This study demonstrates that there is residual papillo- 
ma DNA following laser therapy. 


Since PCR is a highly sensitive technique for de- 
tecting the presence of viral DNA, we felt that it 
would be the best technique for determining the pres- 
ence or absence of viral DNA at the laser bed. The 
results of our 41 paired surgical biopsies demonstrat- 
ed HPV DNA in all cases and indicate that laser ther- 
apy does not eradicate viral DNA from the papillo- 
ma laser bed. These results are in agreement with a 
publication involving anogenital papilloma.!! The 
authors were able to identify viral DNA in papillo- 
ma lesion sites in an equal percentage before and 
after laser therapy. However, histologic evaluation 
at the time of surgery was not done.!! 


In the present study, tissue samples were taken 
from lesions that were visibly free of papilloma at 
the end of laser therapy. The histologic findings of 
the post-laser specimens support the results of the 
PCR experiments; in those specimens with intact is- 
lands of squamous epithelium, cytologic features 
consistent with HPV were identified. This finding 
indicates that microscopic papillomas remain after 
all gross evidence of papillomas has been vaporized. 


It is apparent from these findings that the high per- 
centage of positive PCR results is due to incomplete 
vaporization of native papilloma. 


One concern in light of such results is the possi- 
bility of contamination during laser treatment. It has 
been shown that there is PCR-detectable HPV DNA 
in laser plume of RRP lesions.!? However, when 
plume collection was carefully controlled, and con- 
tamination by intact cells was eliminated, only 64% 
of plumes were found to be positive for HPV. As 
well, the PCR signal was reported as weaker in the 
plume as compared to tissue samples. In our study 
we had 100% positive samples for PCR and very 
little variation in PCR signal. We attempted in situ 
hybridization of the post-laser tissues, but we were 
unable to detect measurable viral DNA (data not 
shown). This result can be explained by the low num- 
ber of copies of viral DNA in RRP lesions. (7 partic- 
ularly in the deeper portions of the lesions that would 
be sampled after laser therapy. 


Laser therapy is subject to many variables that can 
affect the ability to completely excise a lesion. These 
include individual surgical technique, variability of 
the laryngeal lesions, and unpredictability of laser 
energy delivery. It is unlikely that the persistence of 
detectable viral DNA and squamous epithelium in 
our samples was the result of individual surgical tech- 
nique. Our samples were taken under the direction 
of 4 different surgeons in an unbiased fashion with 
the exception of choosing biopsy sites with the least 
probability of injury to the patient. Post-laser biopsy 
sites were chosen from what appeared to be clear 
surgical margins under view of the operating micro- 
scope. The inability to completely remove papilloma 
with the laser stems from the difficulty in detection 
of small remnant papilloma that results even with 
the most fastidious laser coagulation. Using the ca- 
nine larynx, authors have shown unpredictable distri- 
bution of laser energy in normal squamous mucosa. 1? 
The papilloma structure is highly irregular, with mul- 
tiple fronds and fibrovascular cores making the even 
distribution of laser energy more difficult. 


The low probability of completely removing papil- 
loma at surgery underscores the need for adjuvant 
therapy. Adjuvant therapies have included hormones, 
antimetabolites, and photodynamic therapy and have 
all shown modest response.* The 4 patients in our 
group that were on adjuvant therapy showed no dif- 
ference in PCR or histology results. Future strate- 
gies for adjuvant therapy should be directed at poten- 
tiating laser ablation. These approaches may include 
the development of new photodynamic agents that 
are activated at standard surgical laser wavelengths. 1? 


The inability to completely remove papilloma at 
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surgery also emphasizes the need for prudent laser 
therapy. There are many articles in the literature dem- 
onstrating both the cost and complications of multi- 
ple laser surgeries for RRP.!® Canine studies have 
demonstrated that despite precise laser technique, 
much edema and destruction, as well as submucosal 
fibrosis of the vocal folds, can occur. !” These compli- 
cations can be minimized only with conservative la- 
ser therapy directed at palliation rather than com- 
plete removal of papilloma, particularly in areas in 
which damage would affect laryngeal function. More 





aggressive laser treatment could be reserved for ar- 
eas that are functionally less important. 


7 SUMMARY 

We found viral DNA consistently present follow- 
ing laser therapy in RRP patients. Histologic find- 
ings indicate that remnant papilloma is likely the 
source of the viral DNA. The remnant papilloma like- 
ly serves as a nidus for recurrent papilloma growth 
and may explain RRP recalcitrance to conventional 
laser therapy. 
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EFFECT OF PHARMACOLOGICAL SYMPATHECTOMY ON 
OSTEOCLASTIC ACTIVITY IN THE GERBILLINE AUDITORY 
BULLA IN VIVO 
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DAVIS, CALIFORNIA 
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ST LOUIS, MISSOURI 


Bone destruction causes hearing loss in various middle ear disorders. The mechanisms of such pathological remodeling are 
unknown. Unilateral surgical sympathectomy is known to induce resorption within mandibular and auditory bulla bone. Explanation 
of the cause of this effect, however, may be confounded by hemodynamic changes induced by hemicranial sympathectomy and by 
uncertainty as to the neuroanatomical origins of sympathetic fibers. In this study, gerbils were infused with guanethidine sulfate 
(GS) to evaluate the in vivo effects of systemic sympatholysis on auditory bone remodeling. In addition, to discount any direct 
osteolytic effect, GS was assessed of its bone resorbing activity in vitro by means of the calvarial calcium release assay. The in vitro 
study revealed GS to have no effect on calcium release. The in vivo study revealed GS to increase both the osteoclast surface and 
number, .Guanethidine-induced sympathectomy has thus been shown to increase remodeling in gerbilline auditory bone, while no 


direct osteolytic effect could be measured in vitro. 


KEY WORDS — bone resorption, guanethidine sulfate, pressure, sympathectomy. 


INTRODUCTION 


Localized bone modeling and remodeling are the 
processes that lead to the pathological effects of sev- 
eral important ear diseases such as chronic otitis 
media, otosclerosis, osteopetrosis, Paget’s disease of 
bone, and osteogenesis imperfecta.! Anumber of fac- 
tors have been implicated in these processes, such 
as prostaglandins, leukotrienes,>.* interleukins,”~!? 
tumor necrosis factor,?:!!-!3 interferon,’,®.!4 transform- 
ing growth factors, (777 and physical strain. 18721 In this 
study, we evaluated the effect of pharmacological 
sympathectomy with guanethidine sulfate (GS) on 
middle ear bone remodeling. Guanethidine sulfate 
is a selective sympatholytic agent that has antihyper- 
tensive activity. In experiments using neonatal and 
adult rats, the agent has been shown to reduce tissue 
catecholamine levels, eliminate tyrosine hydroxylase 
immunoreactivity, and destroy nerve cell bodies with- 
in sympathetic ganglia.22-4 Interestingly, these ef- 
fects are thought to be mediated not through direct 
cytotoxic effects, but via a drug-induced, cell-medi- 
ated, autoimmune mechanism specific to the rat.2>.26 


Because the sympatholytic effects of GS are well 
established in the rat, the agent has been used exten- 
sively to evaluate the relationship between sympa- 
thectomy and bone metabolism in that model. Those 
studies have shown GS to significantly decrease the 


uptake of [7H]-proline by osteoblasts of the rat mo- 
lar root socket.?7-28 It has also been shown to signif- 
icantly decrease the osteoblastic uptake of [°H]-pro- 
line in bone of the rat femoral diaphysis.2? In con- 
trast, the surface of rat mandibular bone, but not tibial 
long bone, has been shown to undergo a 45% in- 
crease in osteoclast number after neonatal sympa- 
thectomy with GS.30 These results indicate that in 
the rat, GS-induced sympathectomy stimulates osteo- 
clastic activity within mandibular bone, while it in- 
hibits osteoblastic activity in both mandibular and 
long bone, In animal models other than the rat, how- 
ever, data regarding the effects of GS-induced sym- 
pathectomy on bone remodeling are unavailable. 


In previous studies, we have shown surgical sym- 
pathectomy (induced by the unilateral resection of 
ascending sympathetic fibers) to significantly in- 
crease the osteoclast number and the osteoclast sur- 
face of gerbilline auditory bulla bone when compared 
to control bone harvested from contralateral, sham- 
operated bullae.3! Data from that experiment sup- 
ported the hypothesis that sympathectomy increases 
resorption in membranous bone. The present study 
was therefore proposed to confirm the resorptive ef- 
fects of sympathectomy in the gerbil with an entirely 
different mode of treatment: systemic pharmacologi- 
cal sympathectomy with continuously infused GS. 
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Supported by a grant from the National Institutes of Health (RO1-DC00263-11). This study was performed in accordance with the PHS Policy 
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U.S.C. et seq.); the animal use protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of the University of 
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The intent of this systemic approach is to eliminate 
the potential effect of regional hemodynamic differ- 
ences induced by hemicranial surgical sympathec- 
tomy, to avoid the uncertain anatomic origins of the 
bulla bone’s sympathetic fibers, and to circumvent 
the inability of surgical sympathectomy to complete- 
ly eliminate postganglionic fibers. The present ex- 
periment also utilizes middle ear air pressure as a 
positive control for osteoclastic induction — a con- 
trol not utilized in our previous experiment, and our 
laboratory’s standard for localized osteoclastic in- 
duction in the gerbilline middle ear.!8 Further, this 
investigation evaluated the effects of GS on mem- 
branous bone resorption in vitro with the calvarial 
organ culture calcium release assay. This assessment 
was critical, because if GS was found to exert a di- 
rect effect on target bone independent of its effects 
on the sympathetic nervous system, then the cause- 
and-effect assertion of “sympathectomy-induced re- 
sorption” would be undermined. Hence, the direct 
effects of GS on membranous bone metabolism were 
determined in vitro prior to the evaluation of GS’s 
sympathectomy-induced effects on gerbilline middle 
ear bone resorption in vivo. 


METHODS AND MATERIALS 
IN VITRO STUDY 


Experimental Design. The effects of GS, at both 
10-8 mol/L and at 10 mol/L concentrations, were 
determined on 72-hour calcium release from cultured 
neonate mouse hemicalvaria. The substance was as- 
sessed for its activity with and without parathyroid 
hormone (PTH): with PTH, the ability to inhibit PTH- 
stimulated calcium release was determined, while 
without PTH, the ability to induce calcium release 
from unstimulated bone was determined. Each treat- 
ment condition was assessed with 8 neonate mouse 
hemicalvarial explants cultured in serum-enriched 
medium. After a 24-hour preincubation period, the 
bone explants were cultured for an experimental pe- 
riod of 72 hours, at the end of which samples from 
the treatment and control media were analyzed for 
calcium concentration. The ability of a treatment to 
either induce bone resorption or inhibit PTH-stimu- 
lated bone resorption was thus quantified as the net 
change in the incubation medium’s calcium level 
when compared to controls. 


Animal Subjects. Pregnant Swiss-Webster mice, 
timed to deliver 3 days prior to each study, were ob- 
tained from Simonsen Laboratories (Gilroy, Calif). 
Their use was approved by the Institutional Animal 
Care and Use Committee of the University of Cali- 
fornia Davis CACUC protocol 4676). The animals 
were placed in individual cages housed in a temper- 
ature-controlled animal room maintained on a 12- 


hour light-dark cycle. Approximately 3 days after 
parturition, the weight of each neonate was recorded 
and the animals were placed into groups of 8. The 
groups were further arranged to minimize differences 
in the means and distributions of weights, and ani- 
mals weighing greater than 1 g above or below the 
mean were eliminated. 


Guanethidine. The sympatholytic agent GS ([2- 
(hexahydro-1(2H)-azocinyl)-ethyl] guanidine sul- 
fate) was donated by Ciba Geigy (Summit, NJ) and 
used without further purification. The substance was 
dissolved in sterile culture water and refrigerated at 
4°C. Two stock solutions of GS were prepared so 
that a 10 uL aliquot added to 2 mL of medium would 
result in a final concentration of 10~ or 10-8 mol/L. 


Incubation Medium. Four milliliters of incubation 
medium were required for each hemicalvarium: 2 
mL for preincubation and 2 mL for the experimental 
period. The stock medium consisted of 15% heat- 
inactivated horse serum (No. H7889, lot 49F-0082, 
Sigma Chemical Co, St Louis, Mo), 84% Dulbecco’s 
modified Eagle’s medium (No. 320-1965 AG, Gib- 
co Laboratories, Grand Island, NY), and 1% antibi- 
otic-antimycotic in 0.9% saline (No. A7292, lot 119F- 
4606, Sigma). The horse serum was first heat-inac- 
tivated for 1 hour in a constantly stirred 59°C water 
bath. The lyophilized antibiotic was reconstituted and 
dispensed at 10 uL/mL of incubation medium to give 
final medium concentrations of 100 U/mL of peni- 
cillin G potassium, 0.1 mg/mL of streptomycin sul- 
fate, and 0.25 g/mL of amphotericin B sodium de- 
oxycholate. 


The effect of GS was evaluated with and without 
the addition of PTH. Synthetic bovine PTH (lot 
11H48301, Sigma) was used without additional pu- 
rification. The hormone was reconstituted in sterile 
culture water and refrigerated at 4°C. After account- 
ing for the purity of the sample lot, the concentra- 
tion of the stock solution was calculated so that 10 
uL added to 2 mL- of incubation medium would re- 
sult in a final medium concentration of 1078 mol/L. 


Sets of 10 sterile Pyrex test tubes were filled with 
base medium and ‘GS with or without PTH. The 9th 
and 10th tubes of each set were refrigerated prior to 
incubation without the addition of bone so that a 
baseline (preincubation) calcium level could be mea- 
sured. This preincubation baseline calcium level, de- 
termined from the mean calcium level of the medi- 
um of tubes 9 and 10, was then subtracted from the 
final postincubation calcium level of tubes 1 through 
8 to determine the net calcium release value of each 
experimental tube. l 


Calvarial Culture. The 8 neonatal mice of each 
group were euthanized in a carbon dioxide chamber 
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and the bodies reweighed and submerged in 70% eth- 
anol for 3 minutes. After removal from the alcohol, 
the mice were air-dried under a sterile hood. and their 
frontoparietal calvaria were dissected, trimmed, and 
split into halves. Each bone explant was immediately 
placed into an appropriately labeled sterile test tube 
containing 2 mL of freshly prepared medium and 
gassed with a mixture of 50% oxygen, 45% nitro- 
gen, and 5% carbon dioxide (Liquid Carbonic Co, 
Chicago, Ill). The tubes were then stoppered and 
placed in a rotating drum (Bellco Glass Inc, Vineland, 
NJ) inclined 5° above the horizontal axis and rotating 
at | rpm. Finally, the roller drum was placed in a hu- 
midity-controlled culture oven maintained at 37.5°C. 


After an initial 24-hour stabilization period, the 
medium of each set of 8 tubes was discarded and 
replaced (2 mL per tube) with stock medium plus 
GS with or without PTH. Stock GS solution was 
added directly to the tubes in 10 uL aliquots to give 
final concentrations of 10 or 10-8 mol/L. The tubes 
with hemicalvaria and fresh medium were then 
gassed and incubated at 37.5°C for 72 hours, with 
gassing every 24 hours. Last, each group’s baseline 


of each group, which did not receive a bone explant) 
were filled with 2 mL of the identical medium used 
in the preceding 8 incubation tubes and refrigerated. 


Calcium Analysis. The concentration of calcium 
(in micrograms per milliliter) was determined with 
a Perkin Elmer 3030 B atomic absorption spectro- 
photometer. Three samples from each experimental 
or control tube were analyzed to give a mean calci- 
um content per tube. The mean values for control 
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Fig |. Diagram of investigational treatment arms 
for in vivo experiment. Each animal underwent 2 
weeks of either saline infusion (control) or guan- 
ethidine sulfate (GS) infusion (experimental). Ani- 
mals of group A were euthanized after 14-day treat- 
ment period to determine 2-week., baseline effect 
of GS on right middle ear bone resorption. In con- 
trast, animals of groups B and C had their infu- 
sion pumps removed and underwent additional 7 
days of unilateral pressurization of their right mid- 
dle ear bullae. These animals were euthanized at 
day 21. and their left and right bullae were har- 
vested for histomorphometric assessment. NP — 
no pressure, P — pressure, NS —— no sympathec- 
tomy. 





~} inflammation 
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tubes 9 and 10 were further averaged to yield that 
group's mean preincubation calcium value. This val- 
ue was then subtracted from the mean calcium re- 
lease values of the experimental tubes to determine 
their net calcium release. 


The experimental and control calcium values were 
compared as unmatched groups. Comparisons were 
conducted via one-way analysis of variance with 
Bonferroni-corrected multiple comparisons post hoc 
tests (ie, between-group analysis) on the InStat 2.0 
biostatistical program (GraphPad Software, San Di- 
ego, Calif). Significance for each comparison was 
set at the 95% level. 

IN VIVO STUDY 


Experimental Design. Three treatment groups were 
used to provide combinations of unilateral middle 
ear pressurization and continuous subcutaneous in- 
fusion of either vehicle (normal saline) or GS via 
osmotic minipumps. Twenty-six male Mongolian 
gerbils were arranged into 3 groups: A (n = 8), B (n 
= 10), and C (n= 8; Fig |). The animals of groups A 
and B received GS at 20 mg/kg per day for 14 days 
via subcutaneously implanted osmotic minipumps 
(Alzet Corporation, Palo Alto, Calif), while the ani- 
mals of group C received saline via identical pumps 
to serve as the unsympathectomized, unmatched con- 
trols. The success of drug delivery and activity was 
determined from the appearance of marked bilateral 
ptosis in the GS-infused animals | day following 
minipump implantation. 


On the [4th treatment day, the group A animals 
were euthanized and bone samples from their right 
middle ear bullae were harvested and fixed. This al- 
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lowed determination of a 2-week baseline effect of 
GS treatment on bulla bone resorption. At the same 
time, the minipumps of the group B and C animals 
were removed, and their bullae were implanted with 
stainless steel catheters for the unilateral pressuriza- 
tion of their right middle ear bullae. The left bullae 
of these animals were similarly implanted with pairs 
of sham catheters to serve as the right bullae’s unpres- 
surized, matched controls. The animals were then 
placed in circular cages in which their pressure cath- 
eters could be attached to swiveled, overhead air 
pressure outlets delivering 10 mm Hg of positive air 
pressure to each right bulla.!8 The system thus al- 
lowed each group B and C animal a free range of 
motion while specifically attaching their inflow cath- 
eters to a common adjustable air line. After 7 days 
of continuous right bulla pressurization (day 21), the 
animals of groups B and C were euthanized and bone 
samples from their right and left middle ear bullae 
were harvested. Each bone sample was then fixed, 
sectioned, and analyzed histomorphometrically to de- 
termine the osteoclast number (N.Oc/T.L), the osteo- 
clast surface (Oc.S/BS), and the individual osteo- 
clast profile area (Oc.Profile). This combination of 
treatments thus allowed for the quantification of the 
effects’ of guanethidine sympathectomy on osteo- 
clast-mediated middle ear bone resorption, both alone 
and on bone simultaneously activated by positive air 
pressure (ie, adaptive bone remodeling; Fig 1). 


Animal Subjects. Twenty-six outbred male Mon- 
golian gerbils (Meriones unguiculatus), averaging 90 
to 110 days old and 64 g in weight, were used in the 
experiment. The animals were purchased from Tum- 
blebrook Farms (West Brookfield, Mass) and placed 
in individually numbered circular cages mounted on 
transportable upright racks. The cage racks were 
housed in a temperature-controlled animal room 
maintained on a constant 12-hour light-dark cycle. 
Each animal was given constant access to rodent 
chow and water. Approval for the animals’ care and 
use was obtained from the Institutional Animal Care 
and Use Committee of the University of California 
Davis TACUC protocol 4012), and procedures con- 
formed to all Public Health Service and National In- 
stitutes of Health policies on the humane treatment 
of laboratory animals. 


Pharmacological Sympathectomy. Subcutaneous- 
ly implanted Alzet model 2002 osmotic minipumps 
capable of delivering solutions at 0.5 uL/h for 14 
days were used to continuously infuse GS or vehicle 
(normal saline). Eighteen adult male gerbils random- 
ly designated “experimental” were implanted with 
pumps filled with GS (Ciba Geigy), while 8 animals 
designated “control” received pumps loaded with ve- 
hicle only (0.9% sterile saline) to serve as unsympa* 


thectomized, unmatched controls. Each pump was 
weighed before and after filling to ensure complete 
Joading, and all procedures were conducted with ster- 
ile technique. The concentration of GS (93.39 mg/ 
mL) was determined so that each pump would de- 
liver 20 mg/kg per day SE the 14-day treatment 
period. 


The minipumps were implanted while the animals 
were under continuous 2,2dichloro-1,1-difluoro- 
ethylmethylether (Metofane) anesthesia (Pittman- 
Moore, Mundelein, Ill). After the region between the 
scapulae of each gerbil was shaved and the underly- 
ing skin was prepared for sterile surgery, a 1.5 cm 
transverse incision was made through which a small 
subdermal pocket, was created. The minipumps were 
inserted aperture-first into the pockets, and the inci- 
sions were closed with sterile 4-0 silk sutures. The 
animals were then placed in warmed cages and con- 
tinuously monitored until they were ambulatory. The 
success of drug delivery and activity was determined 
from the appearance of marked bilateral ptosis in 
the GS-infused animals within 24 hours of pump im- 
plantation. > - 


Middle Ear Pressurization. With the gerbilline 
skull used as a full-scale model, matching pairs of 
stainless steel inflow and outflow catheters were 
manufactured from 18-gauge, 1.5 inch stainless steel 
hypodermic needles (Monoject, St Louis, Mo) and 
shaped to the ventrolateral aspect of the otic cap- 
sule. Blunt sham tubes for implantation into the un- 
pressurized left bullae were similarly machined and 
shaped. The fur overlying each gerbil’s dorsal cra- 
nium was shaved and prepared for sterile surgery. A 
transverse incision was made between the pinnae, 
exposing the dorsum of the skull. A diamond-tipped, 
high-speed dental drill was used to make two 1.2 
mm diameter holes in the exposed aspect of each 
bulla. Two additional holes were also drilled into the 
exposed dorsomedial calvarium to allow placement 
of two No. 0-80, !/s inch anchoring screws (Small 
Parts Inc, Miami, Fla). 


The previously machined inflow and outflow cath- 
eters were fitted to the 2 holes drilled-into each ani- 
mal’s right bulla. Pairs of sham catheters were simi- 
larly fitted to the remaining 2 holes in the left bullae 
to serve as the unpressurized, matched controls. All 
of the components were gently repositioned for op- 
timal fit and secured to the skull with dental acrylic 
(Grip Cement, R & R Dentsply, Maumee, Ohio). 


After implantation of the pressure catheters and 
complete hardening of the imbedding cement, but 
prior to each animal’s complete anesthetic recovery, 
2 segments of PE-160 polyethylene tubing (Intra- 
medic, Clay Adams, Parsippany, NY) were fitted 
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over the ends of the paired inflow and outflow cath- 
eters emerging from the dental cement. A custom- 
made, stainless steel spring (3.0 mm outside diam- 
eter by 30 cm; Small Parts Inc) was then slipped over 
these tubes to provide rigidity and to serve as a pro- 
tective casing. Fresh acrylic was next applied to ce- 
ment the catheter-tube connections and further se- 
cure the base of each spring to the pressure head- 
mounts. 


-Once the acrylic had hardened and the animals 
-had fully recovered, the gerbils were returned to their 
‘individual cages, where their pressure tubings could 
be extended and attached to swiveled units mounted 
over the tops of their cages. Line pressure was sup- 
pled by an electric diaphragm pump routed through 
two 5 uL in-line Acrodisc filters (Gelman Scientific, 
Ann Arbor, Mich). Central pressure was adjusted to 
provide a constant 10 mm Hg of positive pressure to 
each right bulla via the headset’s inflow tube. The 
matching outflow tubes (in the pressurized bullae) 
were blocked by removable plugs to allow measure- 
ment of actual pressures and to ensure patency. Ade- 
quacy of pressurization was checked twice daily by 
demonstrating that a steady stream of air bubbles 
came from the tip of each outflow catheter when the 
catheter was submerged in water. Failure to demon- 
strate airflow eliminated the subject animal from the 
study. 


Tissue Processing and Analysis. On day 14 for ` 


group A, and ori day 21 for groups B and C, the ani- 
mals were euthanized via asphyxiation in a carbon 
dioxide chamber. The ventral wall of each animal’s 
middie ear bulla was exposed and a 5 x 2 mm bone 
sample was resected, leaving the inner and outer peri- 
osteum intact. The samples were then fixed in 2% 
glutaraldehyde and 2% paraformaldehyde in 0.1 mol/ 
L cacodylate buffer at pH 7.4 at 3°C. After fixation, 
the specimens were decalcified in 0.1 mol/L tetra- 
sodium ethylenediaminetetraacetic acid with 4% glu- 
taraldehyde and trimmed to leave a 4 x 2 mm sec- 
tion of ventral bulla wall. The samples were then de- 
hydrated in graded solutions of acetone, embedded 
in Epon-araldite, and sectioned to 1 um on a Reich- 
ert ultramicrotome. Each bulla bone section was 
taken along the sample’s greatest length (ie, along 
the skull base anteroposterior axis). 


Three sections, spaced at least 100 um apart, were 
taken from each bone sample. The sections were 
stained with toluidine blue and basic fuchsin, blind- 
labeled, and evaluated histomorphometrically with 
an Olympus BH2 light microscope (Olympus Op- 
tical Co, Tokyo, Japan). Osteoclasts were identified 
as multinucleate cells with ruffled borders abutting 
bone. Only the inner or concave surface of each sam- 


ple was analyzed. Measurements of length of bone 
surface, length of bone occupied by osteoclasts, and 
mean osteoclast profile sizes were obtained from 
camera lucida tracings using the VIAS computer- 
based histomorphometry system (Ted Pella, Redding, 
Calif). 


Three factors were quantified from the raw data 
in the standardized units of bone histomorphom- 
etry.°* They were 1) the number of osteoclasts per 
linear millimeter of bone surface, termed osteoclast 
number, denoted as N.Oc/T-.L and expressed in num- 
ber per millimeter; 2) the percent of bone surface 
lined by osteoclasts, termed osteoclast surface, de- 
noted as Oc.S/BS and expressed as a percentage; and 
3) the mean osteoclast area, termed osteoclast pro- 
file, denoted as Oc.Profile and expressed in square 
micrometers, 


Three specimens were analyzed from each bone 
sample, and the entire length of each specimen was 
measured. Final data were obtained by averaging the 
measurements taken from each sample’s triplicate 
sections. Statistical analyses of the data were then 
conducted with appropriate paired or unpaired two- 
tailed Student’s t-tests or one-way analysis of vari- 
ance with Bonferroni-corrected multiple compari- 
sons post hoc tests (InStat 2.0, GraphPad Software). 
For all comparisons, significance was determined at 
the 95% level. 


| RESULTS 
IN VITRO STUDY 


The activity of GS on net 72-hour calcium release 
was determined on murine hemicalvaria incubated 
with or without PTH. Guanethidine sulfate, both at 
10-8 and at 10-6 mol/L, was found to have no stimu- 
latory effect on calcium release from bone when com- 
pared to bone incubated in base media alone (p > 
.05). Similarly, GS at 10-8 and 10-6 mol/L exerted 
no significant inhibitory effect on PTH-stimulated 
calcium release when compared to PTH-stimulated 
controls (p > .05; Table 1). 


IN VIVO STUDY 


All 26 gerbils implanted with subcutaneous infu- 
sion pumps completed the 2-week treatment period. 
In animals implanted with GS-containing pumps, a 
marked bilateral ptosis was displayed within 12 hours 
of implantation and continued throughout the treat- 
ment period. No other gross changes were observed 
associated with the treatment regimen, which was 
apparently well tolerated by all subjects. 


On the 14th treatment day, the GS-treated animals 
of group A were euthanized and bone samples from 
their right bullae were harvested. At the same time, 
pumps from the group B and C animals were re- 
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TABLE 1. RESULTS OF IN VITRO EXPERIMENTS COMPARING EFFECTS OF GS WITH AND WITHOUT PTH ON 
72-HOUR CALCIUM RELEASE FROM NEONATE MOUSE HEMICALVARIA 


Comparisons 
72-Hour Calcium Versus Versus 
Release Negative ` Positive 
Group Condition N (igimL) Control Control 
Treatments 1 GS 10-8 mol/L 8 21.1+9.5 p> .05 p< .001 
2 GS 10% mol/L 8 10.1 13.8 p>.05 p<.001 
3 GS 10-8 mol/L and PTH 1078 mol/L 8 34.4 + 10.0 p< .001 p> DN 
4 GS 10-6 mol/L and PTH 10-8 mol/L 8 53.2 + 18.7 p< .001 p> .05 
Controls 5 Saline (negative control) 8 10.2+8.3 p< .001 
6 PTH 10-3 mol/L (positive control) 8 49.3+5.6 p< .001 
F5,42 = 20.782 
p < .0001 


One-way analysis of variance with Bonferroni-corrected post hoc tests was used to compare measurements. Negative control is normal saline 
(group 5). Positive control is parathyroid hormone (PTH) at 1078 mol/L (group 6). Note that guanethidine sulfate (GS), both at 10-8 and 10-6 
mol/L, had no effect on unstimulated and PTH-stimulated calcium release, while PTH at 10-8 mol/L increased calcium release regardless of GS 


presence. 


moved and the animals were implanted with nght 
bulla pressure catheters and left sham catheters, re- 
spectively. During the subsequent 7-day pressuriza- 
tion period, 1 bulla from group B and 2 from group 
C were eliminated from their treatment groups due 
to irreparable catheter blockage. On the 21st day, 
the remaining animals were euthanized and bone 
samples from their right and left bullae were har- 
vested and fixed. At the time of death, the bilateral 
ptosis displayed throughout the infusion period was 
still present, although to various degrees, in all re- 
maining group B animals. Further, 2 additional bul- 
lae, 1 each from group B and group C, were elimi- 
nated from the study due to gross middle ear inflam- 
mation discovered during bone harvesting. 


After the bone samples from the 3 treatment groups 
were analyzed, data regarding osteoclast number, 
osteoclast surface, and osteoclast profile were de- 
termined. The resulting 5 conditions were thus: 1) 
Guanethidine Sympathectomy for 14 days only 
([GS], n = 8); 2) Guanethidine Sympathectomy for 


14 days/No Pressure for 7 days (TGS/NP], n= 10); 
3) Guanethidine Sympathectomy for 14 days/Pres- 
sure for 7 days ([GS/P], n = 8); 4) No Sympathec- 
tomy (saline) for 14 days/No Pressure for 7 days 
([NS/NP], n = 8); and 5) No Sympathectomy (sa- 
line) for 14 days/Pressure for 7 days ([NS/P], n = 5). 


Effect of Pressure on Bone Resorption. Bone sam- 
ples harvested from the group C animals provided 
the paired pressurized versus unpressurized condi- 
tions of [NS/P] and [NS/NP], respectively. The os- 
teoclast number of bone from the pressurized bullae 
([NS/P]) was significantly greater than that of bone 
from the unpressurized, contralateral controls ([NS/ 
NP]; p = .005). The osteoclast surface of bone from 
the pressurized bullae ({NS/P]) was also significantly 
greater than that of the sham-operated controls ([NS/ 
NP]; p = .002). Likewise, an increase in the mean 
osteoclast profile of bone was observed in the pres- 
surized bullae ([NS/P]) when compared to the un- 
pressurized, contralateral controls (INS/NP]; p= .025; 
Table 2). 


TABLE 2, SUMMARY E OSTEOCLASTIC MEASUREMENTS OBTAINED FROM FIVE GROUPS OF IN VIVO 


INVESTIGATION 
Osteoclastic Measurement 
Osteoclast Osteoclast Osteoclast 
Number Surface Profile ` ` 
Group Condition and Final Subject Number _ (N.OcIT.L) (Oc.S/BS) (Oc.Profile) 
Treatments 1 GS sympathectomy alone ([GS]; final n = 8) 2.4+0.8 mm! 11.8%+48% 225 +42 um? 
2 GS sympathectomy, no pressure ([GS/NP]; 2.340.9mm! 11.7%+5.6% 242+74 um? 


final n = 10) 


3 GS sympathectomy, pressure ((GS/P}; final n = 8) 
No sympathectomy, no pressure ([NS/NP}]; 


Controls 4 
final n = 8) 


5 No sympathectomy, pressure ((NS/P}; final n = 5) 


F-value and significance for column means 


2.6+1.1 mm“! 
1.1 0.4 mm 


16.1% £8.5% ` 476 + 106 um? 
4.8% 1.5% 220454 ým? ` 


25£1.0mm! 15.3% +4.9% 466 +99 um? 
F4,34 = 4.0769 F434= 4.8256. F4,34= 12.719 
p = DUR p = .0034. p < .0001 


One-way analysis of variance with Bonferroni-corrected post hoc tests was used to compare measurements. Negative control is normal saline 
without pressure ([NS/NP]; group 4). Positive control is normal saline with pressure ({NS/P}; group 5). 
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Fz 277515 Fz 2776-02 E Fig 2. Results of in vivo experiment, comparing 
p=0 .006 p=0.003 p<0.0001 mean of each of study’s 21-day treatment groups 
i A + ([NS/NP], [NS/P], [GS/NP], and [GS/P]). Multiple 
40 $ 20 go Y x comparisons were made between each condition 
A J 4 via one-way analysis of variance with Bonferroni- 
corrected post hoc tests. Results show both sym- 
d 500 pathectomy and pressure were capable of increas- 
~ 3-9 1S ing osteoclast number (N.Oc/T.L) and osteoclast 
z os & 400 F surface (Oc.S/BS) of bone when compared to un- 
Se KR E D pressurized, saline-infused controls. There is no 
“201 * 219 $ y evidence of interaction or summation of individual 
= å Q * S 300 effects. In contrast, only pressure was capable of 
© d f j à ` significantly increasing osteoclast profile (Oc. Pro- 
= = d & 200 file) of bone when compared to unpressurized con- 
1.0 5 trols, regardless of whether bone was harvested 
100 from animals infused with saline or GS. Error bars 


No Pressure Pressure No Pressure Pressure 


Effect of Guanethidine on Unpressurized Bone Re- 
sorption. An analysis of variance was performed on 
the 3 unmatched condition groups that did not re- 
ceive pressure: [GS], [GS/NP], and [NS/NP]. The 


results show the osteoclast number of bone from the ` 


[GS] and [GS/NP] groups was significantly greater 
than that of unpaired bone from the saline-infused 
control group ([NS/NP]; p = .003). The osteoclast 
surface of bone harvested from the [GS] and [GS/ 
NP] groups was also found to be significantly greater 
than that of the saline-infused control ([NS/NP]; p = 
.005). In contrast, the mean osteoclast profile was 
found to be no different between the control group 
([NS/NP]) and the 2 GS-infused groups ([GS] and 
[GS/NP]; p > .05; Table 2). 


Effect of Guanethidine on Pressure-Induced Bone 
Resorption. Bone samples from the GS-treated ani- 
mals of group B provided the paired pressurized ver- 
sus unpressurized conditions of [GS/P] and [GS/NP], 
respectively. Paired analysis of the samples revealed 
no difference in the osteoclast number and osteo- 
clast surface between the GS-treated bone from pres- 
surized bullae ({GS/P]) versus GS-treated bone from 
unpressurized bullae ([GS/NP]; p > .05). In contrast, 
the mean osteoclast profile of pressurized bone treated 
with GS ([GS/P]) was found to be significantly great- 
er than that of GS-treated bone harvested from un- 
pressurized bullae ([GS/NP]; p = .004; Table 2). 
Treatment with GS, therefore, eliminated the differ- 
ence in osteoclast number and osteoclast surface be- 
tween pressurized and unpressurized bulla bone by 
increasing resorption in the unpressurized bullae. In 
contrast, the increase in osteoclast profile induced 
by pressure was unaffected by concomitant treatment 
with GS. 


An alternative assessment of the interaction of pres- 


represent standard deviations of means. 


No Pressure Pressure 


sure and GS on bone resorption was conducted by 
analysis of variance. The analysis compared the 4 
treatment group conditions ([GS/NP], [GS/P], [NS/ 
NP], and [NS/P]), and hence reanalyzes the entire 
data set. The findings are in agreement with the paired 
“within-group” and unpaired “between-group” com- 
parisons previously made. Treatment with GS alone 
([GS/NP]), pressure alone ([NS/P]), or GS and pres- 
sure ([GS/P]) significantly increased the osteoclast 
number and osteoclast surface of bulla bone when 
compared to unpressurized, saline-treated controls 
([NS/NP]; p < .05; Table 2 and Fig 2). No quantita- 
tive difference was found between induction by GS 
versus induction by pressure, and no addition or in- 
teraction between these modes was suggested. In 
contrast, only pressure increased the osteoclast pro- 
file of bulla bone, and no interactive effect of GS on 
pressure’s profile-inductive effects could be seen. 


DISCUSSION 


This study confirmed the relationship between 
sympathectomy and gerbilline middle ear bone re- 
sorption by means of systemically infused GS. The 
study also showed GS to have no direct stimulatory 
effect on calcium release from cultured mouse hemi- 
calvaria, thus supporting the cause-and-effect asser- 
tion of “sympathectomy-induced bone resorption.” 


The use of a systemic agent to induce sympathec- 
tomy was employed to address key issues left unre- 
solved from our previous investigation that relied 
on surgical sympathectomy to induce bone resorp- 
tion.?! Those issues were 1) that the precise anatomy 
of the target bone’s sympathetic innervation was un- 
known; 2) that the influence on resorption of an in- 
tact postganglionic system after preganglionic sym- 
pathectomy was unknown; 3) that the influence of 
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vascular pressure differences between sympathec- 
tomized and unsympathectomized hemicrania was 
unknown; and 4) that a positive control with histori- 
cal relevance was not employed. In addition, the ex- 
periment sought to determine whether GS, a sympa- 
tholytic agent whose mechanism is apparently auto- 
immune-dependent and rat-specific,2>2© would in- 
duce resorption in the gerbilline model. 


Systemic administration of GS was thus shown to 
significantly increase both the osteoclast number and 
the osteoclast surface of gerbilline middle ear bone, 
without an effect on mean osteoclast profile (Table 
2 and Fig 2). These effects were fully expressed by 
the end of the 2-week infusion period ([GS] > [NS/ 
NDI and were virtually unchanged at day 21, ie, 7 
days after removal of the subdermal infusion pumps 
([GS/NP] = [GS]). The results mirror those obtained 
via surgical sympathectomy (eg, increased osteoclast 
number and osteoclast surface without change in os- 
teoclast profile), and further support the relationship 
between sympathectomy and increased membranous 
bone resorption in the gerbilline middle ear. 


While little is known of the effects of GS in the 
gerbil, GS has been extensively investigated in the 
rat. Adult rats treated with GS as neonates experi- 
ence markedly reduced tissue norepinephrine levels 
and near-complete loss of peripheral tyrosine hydrox- 
ylase immunoreactivity as compared to untreated 
controls.22 Comparable treatment of adult rats re- 
vealed similar elimination of catecholamine histo- 
fluorescence, in addition to the loss of greater than 
95% of the nerve cell bodies of the superior cervical 
ganglion.7344 Examination of the affected ganglia 
via electron microscopy revealed striking alterations 
within neuronal mitochondria, even after only 2 
weeks of treatment.*? Moreover, histologic evalua- 
tion of GS-treated animals 1 year later showed the 
ganglia to have remained nearly devoid of nerve cell 
bodies, although the few cell bodies that survived 
had apparently increased in size and sprouted lim- 
ited numbers of new, histofluorescent fibers.24 


Treatment of neonate and adult rats with GS has 
thus been reported to 1) eliminate catecholamine his- 
tofluorescence, 2) eliminate immunoreactivity for ty- 
rosine hydroxylase, the rate-limiting enzyme in cate- 
cholamine biosynthesis, and 3) permanently destroy 
nerve cell bodies within rat autonomic ganglia. Inves- 
tigations have shown these effects to be mediated 
not through direct cytotoxic effects, but via a poorly 
understood autoimmune mechanism that is apparent- 
ly quite specific to the rat. This conclusion was made 
when y-radiation, which destroys immune compe- 
tence, was found to protect rats against the effects of 
GS treatment in a dose-dependent manner freely re- 


versible by adoptive transfer of immune-competent 
cells.25, Subsequent ultrastructural and immunohis- 
tologic characterization of this destruction showed 
the response to be fully initiated by the third day of 
GS treatment, with robust infiltration of ganglionic 
parenchyma by CD-8-positive, OX-19-negative 
lymphocytes consistent with cells of the natural killer 
class.26 The studies thus suggest that GS-induced 
sympathectomy in the rat is a unique example of 
drug-induced, cell-mediated, neurolytic autoimmu- 
nity. Therefore, the effects of GS on mineralized tis- 
sue, at least in the rat, may be viewed in terms of the 
drug’s experimentally verified sympatholytic activ- 
ity. 


In contrast to the rat, no detailed studies have been 
conducted examining the effects of GS on the ger- 
billine adrenergic nervous system. Nonetheless, a ref- 
erence to unpublished data by Johnson and Man- 
ning? describes “dramatic vacuolation” of neurons 
without gross neuronal destruction in gerbils treated 
with high-dose GS. Their data suggested that GS ts 
transported with high specificity into sympathetic 
neurons, causing functional loss and injury in vari- 
ous animal models, including the gerbil, as demon- 
strated by norepinephrine depletion and ultrastruc- 
tural changes (ie, mitochondrial.swelling and chro- 
matolysis). However, an additional component, 
unique to the rat, is apparently required for the induc- 
tion of irreversible ganglionic destruction via drug- 
induced, cell-mediated autoimmunity. No reports de- 
tailing the effects of GS on gerbilline bone metabo- 
lism can be found in the literature. 


Pressure Induction and Interaction With Guanethi- 
dine. The inductive activity of unilateral pressure was 
determined so that the effect of GS could be com- 
pared to that of a known stimulator of osteoclastic 
resorption. Hence, animals infused with vehicle only 
provided matching pressurized versus sham-operated 
middle ear bones. These comparisons revealed that 
pressure in saline-infused animals significantly in- 
creased the osteoclast number, the osteoclast surface, 
and the osteoclast profile of bone as compared to 
bone harvested from unpressurized, saline-infused 
control bullae ([NS/P] > [NS/NP]). 


Comparisons of the effects of pressure versus GS 
treatment, with particular attention to potential in- 
teraction between these stimuli, were then made. The 
analysis showed that paired differences between 
pressurized and unpressurized bones were eliminated 
in animals infused with GS due to increased resorp- 
tion in the unpressurized, sham-operated sides ([GS/ 
P] = [GS/NP]). Treatment with GS did not, how- 
ever, increase the osteoclast profile, and thus differ- 
ences in osteoclast profile between pressurized and 
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unpressurized bones were not eliminated with GS 
infusion. Further, no differences were found in the 
resorption parameters of pressurized bullae treated 
with GS when compared to pressurized bullae treated 
with saline ([GS/P] = [NS/P]). The results indicate 
that pressure and GS are capable of inducing near- 
identical increases in the osteoclast number and os- 
teoclast surface of bone without interaction or sum- 
mation. In contrast, GS alone had no effect on os- 
teoclast profile, while pressure (with or without GS) 
significantly increased the osteoclast profile of bone 
over controls (Fig 2). 


The finding that pressure induces middle ear bone 
resorption is well supported by previous investiga- 
tions. For instance, low levels of air pressure were 
shown by Chole et al,!8 Chole and Chan,!? and Wolf- 
man and Chole% to stimulate bone resorption in the 
middle ear bullae of Mongolian gerbils. Pressure has 
also been shown to induce localized bone resorption 
in the molar root sockets of adult rats.*! While the 
underlying control mechanisms of such stress-in- 
duced cranial bone resorption are not completely un- 
derstood, the process can be blocked in both gerbil- 
line bulla bone and rat mandibular bone via cyclo- 
oxygenase inhibition,*+° and in gerbilline bulla bone 
by interleukin-1 receptor antagonism?’ and nitric ox- 
ide synthase blockade (unpublished results). 


In Vitro Effects of Guanethidine $ ulfate. Guanethi- 
dine sulfate was shown by this investigation to have 


no inductive effects on calcium release from neo- 
nate mouse hemicalvaria following 72 hours of incu- 
bation. Similarly, no inhibitory effect by GS on PTH- 
stimulated calcium release was seen at 10-8 or 10-6 
mol/L (Table 1). The findings suggest that the agent 
exerts no direct stimulatory activity on murine hemi- 
calvarial bone resorption. Most important, because 
the agent has been shown to induce bone resorption 
in vivo, the lack of any direct stimulatory activity 
on calcium release supports the investigation’s the- 
sis of sympathectomy-induced membranous bone re- 
sorption in the gerbilline middle ear. 


CONCLUSIONS 


This investigation has shown the sympatholytic 
agent GS to have no in vitro activity using the mouse 
hemicalvarial calcium release assay. With the ger- 
billine auditory bulla as an in vivo model, GS treat- 
ment was shown to significantly increase the osteo- 
clast number and osteoclast surface, but not the os- 
teoclast profile, of middle ear bone without interac- 
tion or summation with resorption induction by pres- 
sure. The principal hypothesis, that sympathetic fi- 
bers innervating bone and periosteum are potential 
modulators of bone resorption, is therefore supported. 
The results are in agreement with the findings of our 
previous investigation, which showed surgical sym- 
pathectomy to similarly increase the osteoclast num- 
ber and osteoclast surface of bone without an effect 
on the osteoclast profile.>! 
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LOCAL CORTICOSTEROID TREATMENT OF CAUSTIC INJURIES 
OF THE ESOPHAGUS 


A PRELIMINARY REPORT 


MATS GUNNARSSON, MD 
KARLSTAD, SWEDEN 


So far, no therapy has been shown to reduce the incidence of strictures in the esophagus after ingestion of caustic agents. Two 
patients with pronounced caustic ingestion injuries were treated locally with solutions of corticosteroids normally used for inhalation 
therapy in lung diseases. Serious strictures did not appear, and their swallowing returned to normal. moe studies are needed. 


KEY WORDS — caustic esophagitis, caustic ingestion, corticosteroids, local treatment. 


INTRODUCTION 


The final result of severe caustic injuries of the 
esophagus will often be serious strictures or complete 
occlusion of the esophagus. ! 


There are many controversies in the treatment of 
these injuries: time of endoscopy, feeding of he pa- 
tient, administration of antibiotics and steroids, and 
the use of nasogastric (NG) bes 9 


As far as I know, there are no reports on early local 
corticosteroid treatment after caustic ingestion inju- 
ries. I therefore wish to present 2 cases in which the 
patients were given solutions of corticosteroids with 
high anti-inflammatory potency — beclomethasone 
dipropionate (BDP) and budesonide, normally used 
for inhalation therapy 1 in obstructive lung diseases - — 
as a local therapy i in the esophagus after c caustic in- 
gestion injuries. 


CASE REPORTS 


Case 1. A 66-year-old woman, in a suicide attempt, 
tried to dissolve pearls of sodium hydroxide in hot 
water and then drank the solution. She was brought 
to a local hospital and was intubated because of in- 
spiratory stridor and laryngeal edema. After admis- 
sion to our hospital, endoscopy was performed a few 
hours later. Caustic injuries were seen in the mouth 
and pharynx with mucosal edema, ulceratiors, and 
hemorrhage. There was heavy edema of the larynx 
and at the entrance of the esophagus. The esopnageal 
burns were circular and deep, with the swollen mu- 
cosa partly detached and ulcerated with hemorrhage. 
The esophagus was cleared of undissolved pearls. A 
soft NG tube was inserted, fluids and antibiotics (cef- 
uroxime sodium 750 mg 3 times per day) were given 
intravenously, and a tracheotomy was performed. She 
was carefully examined for the development of gas- 


tric perforation, mediastinitis, and other complica- 
tions. A liquid diet was given through the tube and 
omeprazole (20 mg/d) was given to avoid gastric re- 
flux. As soon as she was able to (after 8 days), she 
was allowed to drink bypassing the tube. An antibi- 
otic (phenoxymethyl] penicillin solution; 1 g twice 
per day) and an antimycotic (nystatin; 100,000 IU 4 
times per day) were given orally for 1 month. A so- 
lution of BDP (50 pg/mL) was given orally (250 ug 
twice per day) for 2 months. The intention was to let 
this’ solution stay in the esophagus as long as pòs- 
siblé, so it was given-at the end of meals. | 


~ -Endoscopy was performed regularly, the first after 
3 weeks, to examine stricture formation. The tip of 
the epiglottis had a necrotic surface and there was 
moderate edema in the larynx. The upper part of the 
esophagus had a slight necrotic surface, but no stric- 
tures were seen. The patient was decannulated and 
talked with a whispering voice. The NG tube was 
left in place for 1 month. 


At repeated endoscopies there was a tendency 
toward 2 short strictures: 1 at the entrance and 1 in 
the upper part of the esophagus. They were dilated 
quite easily. A last endoscopy was performed after 4 
months, with no signs of strictures. Her depression 
was treated and her voice gradually returned to nor- 
mal. At follow-ups after 2 and 5 years, she had no 
swallowing complaints. 


Case 2. A 64-year-old woman, by accident, drank 
a strong stable detergent with a pH greater than 14. 
She tried to spit out the solution and noted burns on 
her lips and in her mouth. Over the next 2 weeks, 
she noted gradually increasing problems with swal- 
lowing solid food. She vomited after ingestion and 
lost 3 kg of weight. An x-ray demonstrated a pro- 
nounced stenosis of the esophagus with a proximal 
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Fig 1. (Case 2) Esophagram 2 weeks after ingestion of 
strong alkaline solution, demonstrating pronounced ste- 
nosis (arrow) with proximal dilatation (asterisk) and re- 
duced distal motility. 


dilatation and reduced distal motility (Fig 1). Endo- 
scopic examination revealed edematous changes of 
the mucosa, with evidence of necrosis and almost 
complete occlusion of the esophagus within a limited 
region, roughly 25 cm below the teeth. Dilation was 
performed and a soft NG tube was inserted. She was 
allowed to drink, bypassing the tube. Ranitidine hy- 
drochloride (150 mg twice per day) was given through 
the tube to avoid gastric reflux. 


An antibiotic (cefuroxime sodium 1.5 g 3 times 
per day) was given intravenously for 10 days. Budes- 
onide in solution (0.5 mg/mL) was given orally (2.5 
mg twice per day), bypassing the tube. A new endos- 
copy was performed after 3 weeks. The mucosa of 
the esophagus was now normal and showed no ede- 
ma. A short stricture was dilated quite easily, and 
afterward, the patient had no problem eating. The 
NG tube was left in place for 7 weeks, and budesonide 
was given over this time period. After 2 months, a 
new endoscopy with dilation was performed without 
complications. A last follow-up was done after 14 
months. A new esophagram showed a slight impres- 
sion in the wall of the esophagus, but no stricture 
(Fig 2). The patient had no swallowing problems and 
had gained weight. 


DISCUSSION 
It is a very difficult therapeutic dilemma to deter- 





Fig 2. (Case 2) Follow-up esophagram after 14 months, 
showing slight impression in wall (arrow) of esophagus, 
but no stricture. Asterisk — impression by aorta. 


mine the most appropriate management of caustic in- 
gestion injuries. The literature shows many conflict- 
ing opinions, but no therapy has been shown. so far, 


to reduce the incidence of strictures after ingestion 
of caustic agents. 


It is generally accepted that endoscopy is the most 
reliable and accurate method to determine the extent 
of esophagal injury, but the timing of endoscopy is 
controversial. Friedman? suggests endoscopy be per- 
formed between 24 and 48 hours following ingestion, 
to provide the most information and to ensure the 
highest degree of patient safety. This is because an 
earlier examination may lead to an underestimation 
of the injury, and delayed examination may increase 
the risk of iatrogenic injury. Other authors*® suggest 
an early endoscopy, within 24 hours. 


There is also a controversy about the feeding of 
the patient. Some authors*~ prescribe no food by 
mouth and administration of intravenous fluids. The 
esophagus may be permitted to rest for several days 
after a severe injury in order to avoid contamination 
of the wound and damage to the regenerating epithe- 
lium. Wijburg et al? put their patients on a liquid diet. 
They also inserted a specially made silicone rubber 
NG tube as a stent when esophageal burns appeared 
to be circular and deep. 


The third controversy is the administration of anti- 
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biotics. Friedman? recommends withholding antibi- 
otics until the patient develops signs or symptoms of 
secondary infection. Sugawa and Lucas,‘ on the other 
hand, treat their patients with intravenous antibiotics 
immediately. The administration of systemic corti- 
costeroids remains controversial. Some studies con- 
clude that steroids.are not useful for the prevention 
of esophageal strictures,?-° but Friedman? admits, with 
hesitation, that steroids may be useful in transmucosal 
injuries. Ferguson et a? concluded that neither anti- 
biotics nor steroids appear to alter the clinical course 
in these patients. Ochi et all treated 1 patient with 
extensive damage with both antibiotics and steroids 
intravenously, without any visible effect. 


There are indications in studies on pigs that im- 
mediate local corticosteroid treatment may -educe 
the effect in the lung of chemical toxic injury induced 
by chlorine gas.’ Corticosteroids can affect every 
stage of inflammatory reactivity; they influence the 
movement and distribution of inflammatory cells, and 
they also diminish the production of inflammatory 
mediators and reduce their effects. Steroids also in- 
hibit the leakage of fluid and cells from capillary 
beds.8 The steroids I used have high local potency 
(affinity to glucocorticoid receptors and activity in 
vasoconstrictor tests). After topical application (skin 
blanching test), BDP is about 600 times more potent, 
and budesonide more than 1,000 times more potent, 
than hydrocortisone in inducing vasoconstriction.? 


This would suggest a high potency for anti-inflam- 
matory effects on the esophageal mucosa and sub- 
mucosa. 


In the first patient, I performed an endoscopy as 
soon as possible and was able to clear the esophagus 
of solid lye. I therefore consider an early endoscopy 
to be of great value. A liquid diet was tried, bypassing 
a soft NG tube to encourage normal swallowing. An- 
tibiotics were used both intravenously (both cases) 
and orally (case 1). The prolonged treatment with oral 
antibiotics and antimycotics may, in retrospect, seem 
to be overtreatment. F tried local treatment in both 
cases with corticosteroids with high anti-inflamma- 
tory properties on the basis of experience obtained 
from animal experiments. 


At repeated endoscopies i in both patients, there was 
a considerable regression of the mucosal damage. 
The patients did not develop persisting strictures, a 
common complication after caustic ingestion injuries, 
although I considered the munal: damage to be ex- 
tensive and deep. This might be an overestimation, 
although in the first case the suicidal adult purpose- 
fully ingested a large volume of sodium hydroxide. 
In both patients, swallowing returned to normal. 


I have seen no disadvantages with the local cor- 
ticosteroid treatment, but further studies are needed 
and will be carried out. 
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IMAGING CASE STUDY OF THE MONTH 


DEVELOPMENTAL CHANGES IN THE AN TRUM OF A CHILD WITH 
CHRONIC MAXILLARY ATELECTASIS 


ERIK S. KASS, MD 
BETHESDA, MARYLAND 


INTRODUCTION 


Chronic maxillary atelectasis (CMA) is character- 
ized by a persistent decrease in maxillary sinus vol- 
ume due to inward bowing of one or more antral 
walls.! It is an uncommon condition thought to de- 
velop when the medial infundibular wall (MIW) 
causes valvular occlusion of the natural ostium.? We 
recently reported on the first confirmed case of pe- 
diatric CMA and were able to demonstrate that the 
same rhinoscopic and radiographic features found 
in adults were also diagnostic of CMA in a child. 
We documented the presence of negative antral pres- 
sure and, as in adult CMA, found evidence of valvu- 
lar occlusion of the natural ostium by a laterally mal- 
positioned and flimsy MIW. 


Complete ostial occlusion by the MIW can be de- 
termined by rhinoscopy, computed tomography (CT), 
or antral manometry, and its presence distinguishes 
CMA from maxillary sinus hypoplasia (MSH).3 A 
review of the recent literature suggests that pediatric 
CMA may frequently occur in association with 
MSH.45 Since chronic ostial obstruction is thought 
to arrest or retard antral pneumatization, CMA that 
involves a developing antrum would be expected to 
result in MSH.® Whether normal pneumatization re- 
sumes after ventilation is restored to a hypoplastic 
antrum is not known and has been a subject of inter- 
est for many decades.*® In this report, we address 
this issue by radiographically measuring develop- 
mental changes in the maxillary sinuses of a child 
with unilateral CMA and MSH, before and after mid- 
dle meatal antrostomy. 


CLINICOPATHOLOGICAL FINDINGS 


A 6-year-old girl was referred by her pediatrician 
1 month after she was struck on the nose by a door. 
She was asymptomatic, and the physical examina- 
tion findings were unremarkable. A review of the 
head CT scan done at the time of the injury showed 
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an incidental finding of a small right maxillary sinus 
with opacification, but no evidence of a nasal frac- 
ture. One year later, she was brought in by her par- 
ents for recurrent episodes of mild epistaxis. Ante- 
rior rhinoscopy revealed a widened right middle me- 
atus due to a lateralized MIW and a retracted fon- 
tanel, but no obvious source of bleeding. The family 
was reassured and advised to return if bleeding re- 
curred or if symptoms of recurrent sinus infection 
developed. She returned 2 years later complaining 
of frequent periorbital facial pain and rhinorrhea. An- 
terior rhinoscopy again showed fontanel retraction 
on the right. A limited coronal CT scan demonstrated 
complete right antral opacification, as well as wid- 
ening of the right middle meatus. The patient received 
a diagnosis of CMA involving a hypoplastic right 
antrum based on those findings. 


Initial treatment with an antibiotic and a decon- 
gestant was unsuccessful, and an endoscopic right 
middle meatal antrostomy was performed. Intraop- 
erative findings included complete ostial occlusion 
of the right maxillary sinus by a laterally malposi- 
tioned and flaccid-appearing MIW. Marked retrac- 
tion of the fontanel could easily be seen, and a tran- 
sient antral opening pressure of —4 cm H20 was de- 
tected by needle manometry.? The MIW had promi- 
nent height, and the uncinate process lacked an at- 
tachment to the inferior turbinate posteriorly. The 
MIW had to be peeled off the lateral wall with an 
ostium seeker in order to see the underlying natural 
ostium, A large amount of thick, gray, tenacious fluid 
was evacuated from the antrum, and a generous an- 
trostomy was created. The histopathology showed 
slight chronic inflammatory changes in the mucosa. 


She did well postoperatively; however, 1 year af- 
ter surgery, she developed chronic nasal congestion 
and rhinorrhea. These symptoms followed an upper 
respiratory tract infection and persisted despite medi- 
cal management. A limited CT scan of the paranasal 
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sinuses was done and showed the right antrum to be 
well aerated, with a widely patent antrostomy. The 
scan was otherwise unremarkable. She eventually im- 
proved following a change in oral antibiotic and de- 
congestant therapy. 


RADIOLOGIC FINDINGS 


The initial coronal CT scan of the paranasal si- 
nuses showed complete opacification of the right an- 
trum. The right MIW was laterally malpositioned, and 
the fontanel was markedly retracted. The antrum was 
smaller in size than the left, and there was more in- 
tramedullary bone surrounding it, consistent with in- 
complete pneumatization (Fig 1 A). A coronal CT scan 
done 45 months later showed minimal change in the 
appearance of the right antrum, while obvious en- 
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Fig 1. Coronal computed tomography scans. A) Initial scan 
shows complete opacification of right maxillary sinus and smooth 
concavity to medial aspect of fontanel (arrow) consistent with 
retraction. Right antrum appears to be considerably smaller than 
left. B) Scan obtained 45 months later again shows complete 
opacification of right maxillary sinus and fontanel retraction 
(arrow). Slight increase in size of right antrum is seen, while 
obvious size increase is seen on left. C) Scan obtained 56 months 
from initial scan shows well-aerated right antrum and patent 
antrostomy. Slight increase in size of right antrum is again seen, 
while obvious sinus enlargement is seen on left. 





largement was seen in the left maxillary sinus (Fig 
1B). Athird CT scan performed approximately | year 
after an endoscopic middle meatal antrostomy showed 
continued enlargement of the left antrum and a slight 
increase in size of the right (Fig 1C). 


Antral volume and surface area measurements 
were taken from coronal CT sections (see Table and 
Fig 2). The scans were traced, and registration (ref- 
erence) points were digitized manually with an elec- 
tronic data tablet. Standard computerized planimetry 
equations were used to determine the area of each 
region in each section. The volumes were then calcu- 
lated as the sum of the 2- and 5-mm-—thick sections 
with areas equal to the region areas. This “stacked 
coin” volume approximation is accurate within 10% 
of the actual volume. Data were compiled and linear 
regression lines were plotted with Microsoft Excel 
software. 


The normal-appearing left sinus had a volume of 
8.24 mL that increased at an average rate of about | 
mL/y to 13.12 mL over a 56-month period. The vol- 
ume of the atelectactic right antrum was 1.43 mL 
(17% of contralateral sinus volume) and increased 
at an average rate of about 0.3 mL/y to 2.75 mL over 
the same time interval. The rate of increase in the 
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Fig 2. Graphs of maxillary sinus A) volume and B) surface area as function of age. 


right antral volume did not change following resto- 
ration of sinus ventilation. 


DISCUSSION 


Prior to our report on the first confirmed case of 
pediatric CMA, it was not known whether a child- 
hood form of the disorder existed.? In the past, fon- 
tanel retraction and complete opacification were sim- 
ply thought to be among a group of radiographic find- 
ings that characterized MSH.73 Although an asso- 
ciation between CMA and MSH is known to exist,}3 
these entities can occur independently.*»’ A causal 
relationship is strongly suspected, but remains to be 
proven. 


The cause of CMA is not known, but a deficiency 
in the posterior attachment of the uncinate process 
to the inferior turbinate bone is considered to be a 
key predisposing factor.” This deficiency may be 
congenital in children with CMA.!3 Prominent height 
of the posterior aspect of the infundibular wall along 
with a narrow infundibular passage are also consid- 
ered to be important contributors.23 Middle meatal 
inflammation is postulated to incite flap-valve ob- 
struction of the natural ostium and set the stage for a 
self-perpetuating occlusive process not unlike that 
of chronic otitis media with effusion due to eustachi- 
an tube dysfunction.!3 


Diagnostic features of CMA! were radiographi- 
cally demonstrated in this case presentation. They 
included a laterally deviated MIW, fontanel retrac- 
tion, and antral opacification. The right maxillary si- 
nus was also hypoplastic, and our growing clinical 
experience indicates that antral underdevelopment 
may be found in virtually all pediatric patients with 
CMA? (also Kass et al, unpublished observations). 


This case addresses the question of whether re- 
sumption of antral ventilation affects the rate of pneu- 
matization in a hypoplastic maxillary sinus. In the 
45-month interval prior to the middle meatal antros- 
tomy, the volumetric growth rate on the right was 
less than one third the rate on the left. In the 11-month 
period following endoscopic sinus surgery, essential- 
ly no change in volumetric growth rate occurred. This 
would suggest that the ventilatory status of the an- 
trum does not influence pneumatization and that hy- 
poplasia results from some intrinsic process. An al- 
ternative, and perhaps more plausible, explanation 
of the findings is that complete ostial occlusion for 
any significant period of time during development 
irreversibly hampers antral bone remodeling and 
thereby diminishes the volumetric growth rate of the 
sinus. Further study with more patients and greater 
long-term follow-up is needed before any firm con- 
clusions can be drawn. 


At this stage in our understanding, we believe the 
decision to treat pediatric CMA should be based on 
the presence of associated symptoms and recurrent 
sinus infections. Restoring ventilation solely for the 
purpose of trying to maximize antral development 
does not appear to be warranted, for 3 reasons. First, 
the case presented suggests that restoration of venti- 
lation to an already hypoplastic antrum may have 
little or no impact on growth rate. Second, MSH per 
se is not associated with clinically significant seque- 
lae. Last, there is no evidence to indicate that un- 
treated pediatric CMA will lead to orbital or cosmetic 
deformities, as can occur in the adult form of the 
disorder. 


Treatment goals for children with CMA are the 
same as for adults, namely, to relieve symptoms and 
prevent recurrent infections by achieving complete 
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antral drainage and good ventilation. Since valvular 
occlusion is theoretically reversible, medical treat- 
ment with antibiotic and decongestant therapy may 
be warranted; however, for those patients who fail 
to respond, the problem can be corrected with an en- 
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doscopic middle meatal antrostomy. This is a rela- 
tively safe and simple procedure, with minimal asso- 
ciated morbidity, provided that the distorted anatomy 
is recognized and proper technique is used to avoid 
inadvertent entry into the orbit. 
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CLINICOPATHOLOGICAL CONSULTATION 


REVIEW OF SINUS HISTIOCYTOSIS WITH MASSIVE 
LYMPHADENOPATHY (ROSAJ-DOREMAN DISEASE) 


OF HEAD AND NECK 
ANTONINO CARBONE, MD ALBERTO PASSANNANTE, MD ANNUNZIATA GLOGHINI, PHD 
AVIANO, ITALY AVIANO, ITALY AVIANO, ITALY 
KENNETH O. DEVANEY, MD ALESSANDRA RINALDO, MD ALFIO FERLITO, MD 
ANN ARBOR, MICHIGAN UDINE, ITALY UDINE, ITALY 


The entity known as sinus histiocytosis with massive lymphadenopathy (SHML), or Rosai-Dorfman disease (RD disease), is an 
uncommon benign proliferation of hematopoietic and fibrous tissue that often presents in the head and neck region. Its initial mani- 
festations most often include a roughly symmetric, painless, bilateral cervical adenopathy, although extranodal disease may develop 
in a minority of patients. The key histologic feature of SHML is the presence of various numbers of large, pale histiocytic cells that 
contain within their cellular borders apparently engulfed lymphocytes (“emperipolesis”); these distinctive large, pale cells — RD 
cells — are S-100 protein—positive by immunostaining and so differ from ordinary histiocytes. Despite its sometimes impressive 
clinical presentation, SHML is a benign and self-limited disease, whose treatment is aimed largely at controlling its local manifesta- 
tions (most often by surgical therapy). The microscopic differential diagnosis, particularly in extranodal disease, is at times challeng- 
ing and can include Langerhans’ cell histiocytosis, Hodgkin’s disease, non-Hodgkin’s lymphoma, metastatic carcinoma, and meta- 


static malignant melanoma. 


HISTORICAL BACKGROUND AND 
TERMINOLOGY 


Sinus histiocytosis with massive lymphadenopa- 
thy (SHML) was established as a distinct clinicopath- 
ological entity by Rosai and Dorfman! in 1969. As 
a tribute to the clarity of these authors’ original de- 
scriptions, SHML is also known as Rosai-Dorfman 
disease (RD disease), and so these two terms are used 
interchangeably in this article. 


Although the cause of SHML remains unknown, 
the disease is thought to be a disorder of the mono- 
nuclear phagocyte and immunoregulatory effector 
(M-PIRE) system.? Indeed, SHML is classified as 
an idiopathic “histiocytosis” that may be recognized 
morphologically by its diagnostic large “histiocyte- 
like” cells, the so-called Rosai-Dorfman (RD) cells.4 
Whereas several findings suggest a relationship of RD 
cells with the M-PIRE system, the peculiar antigenic 
profile of RD cells makes it difficult to identify their 
normal cellular counterpart (professional phagocytic 
cells versus immune accessory cells) or to define the 
precise nosologic classification of SHML.° 


Lymph nodes are frequently affected at presenta- 
tion. However, the disease may occur at extranodal 


sites (ESHML,) as well, even without any clinical 
involvement of lymph nodes. In these instances, the 
absence of lymphadenopathy makes the term SHML 
inappropriate; thus, for extranodal disease the epo- 
nym RD disease is preferable.® 


EPIDEMIOLOGY 


Although the first cases were identified in South 
Africa,! RD disease has a widespread geographic dis- 
tribution.*? Comprehensive study of patients with 
RD disease has been made possible through the estab- 
lishment of a registry that now contains records and 
pathological samples from over 600 cases.*:! More 
than half of them are from the United States and West- 
erm Europe, but there is also a disproportionately high 
number of cases from Africa and the Caribbean re- 
gion.!9 An unusual referral pattern might have con- 
tributed to the unusually high incidence of this enti- 
ty in some geographic areas.* 


Rosai-Dorfman disease affects all age groups, but 
is more common in children and adolescents than in 
adults!0.!!- exclusive extranodal disease is more fre- 
quent in elderly individuals. The youngest patient 
had congenital disease, and the oldest developed 
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TABLE 1. MORPHOLOGICAL AND PHENOTYPIC DIAGNOSTIC FEATURES OF RD DISEASE 


Pathological 


Investigation "` Morphological Findings 


Low magnification 
cellular infiltration 


Extranodal sites: alternating pale and dark areas 


High magnification Typical polygonal RD cells 
Emperipalesis 


Immunostaining $-100 pretein reactivity 


RD — Rosai-Dorfman. 


symptoms at age 74.4 Rosai-Dorfman disease has 
been reported in siblings! and identical twins. 17 


The registry in 1990 contained an equal number 
of black and white patients. Males are slightly more 
commonly affected than females.’ 


The association with immune disorders, simulta- 
neous with or preceding clinical onset of RD dis- 
ease, has been documented in the registry. The most 
common immune abnormalities are the presence of 
autoantibodies (against red cell antigens) and joint 
disease (from mild polyarthralgia to extensive, dis- 
abling arthritis). Additional abnormalities inc_ude un- 
usually severe infections (most commonly pneumo- 
nia), glomerulonephritis, asthma, and juvenile-on- 
set diabetes mellitus.4-!4 


Positive serologic tests for Epstein-Ba-r virus 
(EBV) have been documented in some patients with 
RD disease, especially in those with associated im- 
mune disorders.* By molecular techniques, in patho- 
logically proved cases of RD disease, no evidence of 
latent or lytic EBV carriage in the RD cells and/or in 
the background lymphocytes has been demonstrated. 
The reported serologic evidence of EBV infection 
might therefore represent an epiphenomenon of EBV 
superinfection or perhaps a manifestation of viral re- 
activation in the presence of an abnormality in the 
patient’s immune control system (which is itself com- 
monly found in such patients).!> 


Human herpesvirus 6 has been detected in RD dis- 
ease tissues, !© but this organism is so commonly pres- 
ent in lymphoid tissue that the significance of this 
finding remains dubious. Wi 


PATHOLOGICAL FINDINGS 


Gross Findings of Nodal Disease. The gross exam- 
ination of the removed lymph nodes shows 1 or more 
enlarged lymph nodes, which often are mattec togeth- 
er by a prominent perinodal and capsular fibrosis. 
The cut surface is nodular or diffusely homogeneous 
and varies from gray to golden yellow, depending 
on the amount of fat present.4-6!0 


Lymph nodes: sinuses expanded by polymorphous 


Diagnostic Interpretation 
Suggestive of RD disease ` 


Suggestive of RD disease 

Single most important finding in diagnosing RD 
disease 

Suggestive of but not very specific to RD disease 


Useful additional finding when polygonal RD cells 
with evident emperipolesis are not easily evidenced 


Gross Findings of Extranodal Disease. The gross 
appearance of the lesions varies, and so they may 
present as nodular, sessile, polypoid, or exophytic 
growths with a pale gray to yellow appearance. In 
the skin, the lesion presents as solitary or multiple 
papules, plaques, or nodules. 


Microscopic Findings of Nodal Disease. The lymph 
node capsule can be thickened and fibrotic. Fibrosis 
may extend to perinodal soft tissues, but it usually 
does not extend into the lymph node parenchyma, 
although areas of fibrotic change may occasionally 
appear.45.10,11,17 


Lymph node sinuses are expanded by a polymor- 
phous cellular infiltrate composed of neutrophils, 
lymphocytes, plasma cells, medium-sized mononu- 
clear cells with indented nuclei, and, typically, numer- 
ous large and distinctive RD cells (Table 1 and Fig 


1). 


Rosai-Dorfman cells have round-to-oval, medium- 
to-large nuclei with a vesicular chromatin pattern. 
The nuclear membranes are well delineated, due to 
chromatin margination. Occasionally, RD cells may 
show binucleation. Most nuclei contain a centrally 
located, single nucleolus. It is eosinophilic and small, 
but distinct and sometimes prominent. Nuclear atyp- 
ia is unusual. Cytoplasm is abundant, and with he- 
matoxylin and eosin staining, it appears lightly eosin- 
ophilic or, less frequently, amphophilic or clear. Many 
RD cells have granular-appearing cytoplasm and 
irregular, poorly defined cell borders. Variable num- 
bers of cells with vacuolated foamy cytoplasm, due 


to a high content of neutral lipid, may be no- 
ticed.46,10,11,17 


Phagocytized intact-appearing lymphocytes are 
present in the cytoplasm of most RD cells (lympho- 
cytophagocytosis or emperipolesis: “wandering about 
within”; Table 1 and Fig 1B). Internalized lympho- 
cytes are usually located within cytoplasmic vacu- 
oles.!8 Less often, cytoplasm may contain plasma 
cells, neutrophils, and red blood cells (cytophago- 
cytosis).6 Although not pathognomonic (and more 
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easily appreciated in S-100 protein immunohisto- 
chemical stains), this feature is of great diagnostic 
importance (J. K. C. Chan, personal communication, 
1998). 


In the early stages, the lymph node architecture 1s 
usually preserved, whereas in RD disease of long 
duration, proliferation of RD cells may massively 
dilate the sinuses, with complete effacement of nor- 
mal nodal architecture.® 


The intersinusal lymphoid tissue contains a varta- 
ble, sometimes impressive, number of plasma cells 
that tend to aggregate around high endothelial ven- 
ules. Lymphoid follicules are usually lacking, but a 
few residual germinal centers may be noticed. Where- 
as eosinophils are virtually absent, focal aggregates 
of neutrophils may be present, occasionally forming 
microabscesses.® 


Microscopic Findings of Extranodal Disease. The 
lesions are often sharply circumscribed or demarcat- 
ed, although sometimes they may have ill-defined 
margins. !° 


In whatever extranodal site, RD disease can be sus- 
pected in most cases at low magnification when there 
is a characteristic pattern of alternating pale and dark 
areas. Whenever this pattern is seen, diagnostic RD 
cells must be looked for at high magnification. The 
morphological features are reminiscent of those of 
affected lymph nodes in that they superficially re- 
semble the appearance of lymphoid tissue affected 
by RD disease (albeit appearing in an extranodal site); 
on close scrutiny, however, these extranodal lesions 
of RD disease lack the architecture of true nodal tis- 
sue and so may be distinguished from disease appear- 
ing in an actual lymph node.? In extranodal RD, there 
are often dilated spaces similar to the dilated chan- 


CN 
* Fig L Hematoxylin and eosin stain 


shows lymph node sinus is expanded 
by cellular infiltration maniy com- 
posed of histiocytelike cells (Rosat 
Dorfman cells) containing intact-ap- 
pearing lymphocytes in their cyto- 
plasms (B). A) Original x350. Bi 
Original x650. 











Ach 


nels of actual lymph nodes, filled with many charac- 
teristic RD cells (pale-staining areas) alternating with 
lymphoid tissue rich in plasma cells (dark-staining 
areas) with scattered reactive germinal center PJ) 
However, fibrosis is usually greater in extranodal 
sites, and the number and prominence of the diag- 
nostic cells tend to be less than in nodal involve- 
ment, 4:6:19-2! 


Lymphocyte phagocytosis is identified in all cases, 
but varies from prominent and readily identifiable 
to less conspicuous and difficult to recognize, ow- 
ing to difficulties in defining cell border: 


The process is devoid of significant cellular pleo- 
morphism, necrosis is absent, and mitotic activity 1s 
inconspicuous.!?*! However, RD cells can exhibit 
some degree of nuclear atypia; this is not to be misin- 
terpreted as a feature of malignancy.°" 


Older lesions of extranodal RD disease can be dif- 
ficult to diagnose because of the paucity of diagnos- 
tic RD cells, the presence of foamy histiocytes. and 
secondary changes, including fibrosis, causing spin- 
dling of cells A 


If nodal RD disease is already diagnosed, typical 
RD cells in a characteristic milieu, though rare, are 
diagnostic for tissue involvement by RD disease. 
Conversely, in the absence of a diagnostic lymph 
node, larger numbers of characteristic RD cells, with 
clear evidence of cytophagocytosis, are required 
(Tables | and 2).4 


Cultures*- and histochemical stains for bacterial, 
mycobacterial, and fungal microorganisms, includ- 
ing Gram, periodic acid—Schiff with and without dias- 
tase, Gomori’s methenamine silver, Grocott, Ziehl- 
Neelsen, and Warthin-Starry, are consistently nega- 
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Pathological Findings Misleading Features 


Extensive fibrosis Histiocyte-like cell spindling 

Poorly defined cell borders 

Nuclear atypia 
proliferation 


tive in both nodal and extranodal tissues.4-!9.-! 


/Immunohistochemical Studies. lmmunohistochem- 
ical studies show that RD cells are strongly and con- 
sistently positive for S-100 protein (Fig 2). They al- 
so bear markers of macrophage lineage, including 
HAMS6, CD14 (recognized by antibody Leu-M3), 
and CD68 (EBM11); antigens commonly detected 
in cells with phagocytic activity, Fe receptor of IgG, 
and CD16 (Leu-1 1b); lysosomal enzymes, consistent- 
ly but not solely present in sinus histiocytes, &œ1-an- 
titrypsin, &1-antichymotrypsin, and lysozyme: anti- 
gens associated with metabolic and functional “acti- 
vation,” including Ki-1 (CD30), transferrin receptor 
(CD71), and interleukin-2 receptor (CD25); antigens 
expressed in early stages of inflammation, including 
Mac 387 and 27EIO; and antigens found on mono- 
cytes as opposed to tissue macrophages, including 
PHM3, CD36 (OKMS), and CD15 (Leu-M1).®.!7.23 
Cells with these markers have been considered re- 
cently immigrated monocytes. !®74 The plasma cell 
component is polyclonal, with positive reactivity for 
both K and A light chains.*! 


Immunohistochemistry has given variable, some- 
times conflicting, data in detecting CD la antigen ex- 
pression on RD cells.23-*9-29 Recently, however, the 
use of anew monoclonal antibody (MoAb 010) that 
detects CD la in routinely processed tissues*” has re- 
vealed a consistent expression of CD la in RD cells, 
normal interdigitating reticulum cells, and Langer- 





Lymphophagocytosis not prominent 
Possible misdiagnosis as neoplastic 


EEN EES 


WG 


Comments 


reverans "EE eea aAa a A n e nn 


Look for intermingled polygonal RD cells 
Apply immunohistochemistry to enhance RD cell borders 
Certain degree of nuclear atypia may be seen in RD cells 


hans’ cells (LCs), but not in macrophages.5 


The consistent and strong S-100 protein reactiv- 
ity and the expression of CD la seem to imply a tenu- 
ous relationship of RD cells with normal sinus his- 
tiocytes, which are, with few exceptions,*! S-100 pro- 
tein—negative and CD la-negative. Conversely, a pos- 
sible relationship of RD cells with the LC/IRD cell 
lineage that expresses both antigens? can be suggest- 
ed 


Rosai-Dorfman cells co-express cathepsins D and 
E. The co-expression of these markers may be of di- 
agnostic value in distinguishing RD cells from nor- 
mal skin LCs (cathepsin D—negative and cathepsin 
E—positive), from proliferating LC-like cells in der- 
matopathic lymphadenitis (cathepsin D-negative and 
cathepsin E—negative or —positive), and from nor- 
mal phagocytes (cathepsin D—positive and cathep- 
sin E-negative).° 


Although the antigenic profile of RD cells is use- 
ful for diagnostic purposes, it does not seem effec- 
tive in establishing an ontogenetic relationship be- 
tween RD cells and either professional phagocytes 
or immune accessory cells.°.25 


DIFFERENTIAL DIAGNOSIS 


Nodal Disease. The differential diagnosis of 
SHML includes reactive sinus hyperplasia, LC histio- 
cytosis (LCH), Hodgkin’s disease (HD), metastatic 
carcinoma, malignant melanoma, and lymphoma. 


Fig 2. Immunostain for $-100 protein 
(avidin-biotin complex method, hema- 
toxylin counterstain, original x400). His- 
tiocytelike cells (Rosai-Dorfman cells) 
are positive for S-100 protein. Lympho- 
phagocytosis is easy to detect. 
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By microscopy, reactive sinus hyperplasia may 
mimic RD disease at low power, but sinus histio- 
cytes differ cytologically from RD cells, do not ex- 
press S-100 protein, and lack emperipolesis.'! 


Langerhans’ cell histiocytosis may also have a low- 
power microscopic appearance similar to that of RD 
disease, insofar as nodal sinuses expanded by LCs 
in LCH produce a light microscopic appearance simi- 
lar to that of RD disease. 


Moreover, the LCs, like the RD cells, are S-100 
protein—positive by immunohistochemistry; howev- 
er, these LCs are different cytologically from RD 
cells, lack lymphocytophagocytosis, and reveal, on 
ultrastructural study, the presence of characteristic 
intracytoplasmic rod-shaped Birbeck granules. In the 
polymorphous cellular infiltrate accompanying LCs, 
plasma cells are rare or absent and eosinophils are 
prominent. Erythrophagocytosis by sinus histiocytes 
may be present. Foci of necrosis within distended 
sinuses may be prominent, often surrounded by a rim 
of eosinophils (so-called eosinophil microabscess- 
es).O11 

Lymph nodes affected by HD may have large num- 


bers of foamy macrophages and mimic RD disease 
microscopically. In nodular sclerosis HD, specific 


variants of Reed-Sternberg (RS) cells (the lacunar 


cells) may be present and confused with RD cells. 
However, RS cells and their variants do not show 
emperipolesis and are S- 100 protein—negative, CD15- 
positive, and CD30-positive, whereas RD disease 
cells are S-100 protein—positive and CD [5-negative, 
and CD30 is expressed in RD cells in a weak and 
scattered way, in contrast to the diffuse and intense 
reactivity seen in RS cells. 


It should be noted that RD disease—like changes 
can sometimes be observed in lymph nodes involved 
by other processes, such as HD.*° 


Sinusoidal lymph node involvement by metastatic 
carcinoma, malignant melanoma, and lymphomas, 
including large-cell anaplastic CD30-positive lym- 
phoma, may assume a morphological appearance 
similar to that of RD disease, particularly if malig- 
nant cells show a propensity to cytophagocytosis. Įm- 
munohistochemical findings may be very useful in 
these settings. Positive staining for pankeratin (ie, 
MNF- 16) strongly supports a diagnosis of carcinoma. 
S-100 protein is a highly sensitive marker for malig- 
nant melanoma, but it lacks specificity; as noted above, 
the characteristic cells of both RD disease and LCH 
are positive for S-100 protein as well. Staining with 
additional antibodies such as HMB45 and NK1I/C3 
(even though both of them are not entirely specific) 
is advisable. Leukocyte common antigen (CD45RB) 


is aspecific marker for the hematolymphoid lineage. 
but lack of staining does not completely exclude the 
possibility of lymphoma. If lymphoma is suspected, 
this possibility should be further pursued with B- and 
T-cell markers, anti-immunoglobulin antibodies, and 
CD30 antibody.® 


Extranodal Head and Neck Disease. When the le- 
sion involves the extranodal head and neck area, the 
differential diagnosis should include rhinoscleroma, 
fibromatosis, benign fibrous histiocytoma, malignant 
fibrous histiocytoma, and Wegener's granulomato- 
SIS. 


d 


Rhinoscleroma is an infectious disease of the up- 
per respiratory tract, uncommon in Western coun- 
tries, caused by Klebsiella rhinoscleromatis. tis 
characterized by a diffuse and polymorphous cellu- 
lar infiltrate in which large macrophages with foamy 
cytoplasm (“Mikulicz cells”) are the predominant cell 
type. Morphologically, it can be differentiated from 
RD disease because it does not have the “sinusal” 
pattern and there is no evidence of emperipolesis. 
The etiologic agent can be traced within macrophages 
with the Warthin-Starry silver stain! 


The abundant collagen deposition, spindled mor- 


can make RD disease with localization to soft tis- 
sues difficult to differentiate from fibromatosis oc- 
curring in the head and neck (7 Morphologically, fi- 
bromatosis presents more abundant collagen and a 
relatively acellular appearance, the “sinusal” pattern 
is not seen, and cells lack emperipolesis and are S- 
100 protein—negative.*! 


Rosai-Dorfman disease in soft tissue may display 
a storiform pattern to be differentiated from a fibro- 
histiocytic lesion. In benign fibrous histiocytoma of 
soft tissues, the cells have a higher nuclear-to-cyto- 
plasm ratio, hyperchromatic nuclei, a more hetero- 
geneous appearance with xanthoma, and multinucie- 
ated and Touton-type giant cells. Malignant fibrous 
histiocytoma has striking pleomorphic nuclear fea- 
tures, increased nuclear size, more hyperchromatism, 
and increased mitoses. Inflammatory malignant fi- 
brous histiocytoma is also more anaplastic, with an 
abundant inflammatory cell infiltrate rich in neutro- 
phils. Some of the tumor cells show erythrophago- 
cytosis and leukocytosis.-! 


Destruction of parenchymal and mesenchymal tis- 
sues may sometimes be associated with RD disease. 
When present, it has to be differentiated from bone 
and/or soft tissue necrosis, which often accompanies 
Wegener’s granulomatosis. Histologically, the latter 
sharply contrasts with RD disease. It is characterized 
by geographic necrosis surrounded by palisaded his- 
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tiocytes, a granulomatous reaction, and a polymor- 
phous benign inflammatory cell infiltrate wita S-100 
protein—negative histiocytes and occasional giant 
cells. Increased titers of antineutrophil cytoplasmic 
antibodies are crucial to the diagnosis of Wegener’s 
granulomatosis.?! 


DIAGNOSTIC WORKUP 


Once a patient is suspected of having SHML, the 
diagnosis and the extent of the disease have to be 
established. Biopsy samples taken from the effected 
areas are very useful in the confirmation of the diag- 
nosis of RD disease. In general, ESHML is patholog- 
ically diagnosed, and rarely suspected by clinical eval- 
uation. Patients with ESHML should have a diag- 
nostic workup for immunologic abnormalities, since 
almost half of patients with SHML with ext-anodal 
head and neck manifestations have immune dysfunc- 
Don. 24 Computed tomography and magnetic reso- 
nance imaging, sonography, and radionuclide bone 
scanning may be helpful in the evaluation of the ex- 
tranodal sites of involvement.*° 


CLINICAL PRESENTATION 


Nodal Disease. The onset of RD disease nay be 
preceded by a nonspecific upper respiratory tract in- 
fection characterized by fever and pharyngitis* Some 
patients may give an additional history of malaise, 
night sweats, or weight loss.® 


Approximately 90% of patients at presentation 
have massive, painless, bilateral cervical lyn-phade- 
nopathies. Other nodal sites may be involved; in or- 
der of frequency, they include axillary, inguinel, para- 
aortic, and mediastinal lymph nodes, with cr with- 


out concomitant cervical disease.!! Conversely, soli- ‘ 


tary lymph node involvement is unusual.*6 


A mild normochromic or hypochromic microcytic 
anemia is present in the majority of cases. Patients 
may have red cell autoantibodies, but severe hemolyt- 
ic anemia is rare. An increase in the number of periph- 
eral blood neutrophilic cells and lymphopenia are fre- 
quently found. The erythrocyte sedimentation rate is 
usually elevated. Most patients have abnormalities 
in serum protein levels: polyclonal elevation of IgG 
is the most common. Lymphocyte and histiocyze func- 
tions may be inconsistently abnormal. A reversal of 
the T4/T8 ratio of circulating lymphocytes has been 
observed .4:6:10,11,19,21 


Extranodal Disease. Forty-three percent of pa- 
tients in the RD disease registry have at least 1 site 
of extranodal localization.* 


Virtually all organs in the body can be involved 
by the disease process. The sites typically involved 


are skin,437 upper respiratory tract,>8-4° salivary 
glands,”! bone,*!42 central nervous system,43~ and 
soft tissues.!? Two-organs that stand out because of 
their almost universal sparing by the disorder are the 
spleen and bone marrow. !° 


If lymph nodes are massively enlarged, the dis- 
ease may be easily recognized. This is not always 
the case, since extranodal localization may be the 
predominant or even the exclusive disease manifesta- 
tion at presentation.3839.46 Generalized lymphade- 
nopathy with widespread extranodal manifestation 
is uncommon.’ 


The frequency with which extranodal disease is 
associated with lymphadenopathy varies according 
to the site of extranodal involvement. The involve- 
ment of a major salivary gland is almost always asso- 
ciated with nodal involvement, but only half of the 
patients with central nervous system localization 
have nodal disease. Extranodal RD disease may oc- 
cur before, simultaneously with, or after the lymph 
node disease (Table 3).4 


Extranodal Sites of Involvement in Head and Neck. 
The head and neck area represents one of the most 
common extranodal sites affected by RD disease. 
Virtually all head and neck sites may be affected in 
association with, or independent of, nodal disease, 
but there is a predilection for the nasal cavity and 
paranasal sinuses.*:21,47,48 


The majority of patients present with involvement 
of more than 1 site. Possible sites involved by dis- 
ease include the nasal cavity and paranasal sinus- 
es,4:21,22,39,49,.50 major salivary glands (the second 
most common site of involvement),2!:22,48,51-53 oral 
cavity (infiltration of the mucosa, tongue, and ton- 
sils),4.21,45,48 pharynx, (248 larynx and trachea,*38.5459 
maxillary,2!46 mandibular, and sphenoidal bones,?! 
temporal bone and middle ear 221 infratemporal and 
pterygoid fossae,2! meninges,!>.44,59 orbital re- 
gion,*!9,21,48,61,62 thyroid gland,**8-6 external ear,?° 
central nervous system,‘ and skin and soft tissues of 
the head and neck. !9,25,48,64 


Signs and symptoms vary according to the site of 
occurrence, and include airway-related problems 
(partial or complete nasal obstruction, sinusitis, sad- 
dle-nose deformity, dyspnea, dysphonia, and stri- 
dor),21,22.38,39,50,56,57 epistaxis,2!.50 dysphagia, 2,48 
ophthalmic-related problems (proptosis, ptosis, de- 
creased visual acuity),®* cranial nerve deficits (par- 
esthesia, palsy, or paralysis),*3 pain and tender- 
ness,*1,48.63 and a slowly growing, painless mass.!%2! 


Patients with multiple sites of involvement present 
with overlapping signs and symptoms?! (Table 3). 
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_TABLE 3. REVIEW OF USUAL CLINICAL MANIFESTATIONS OF EXTRANODAL RD DISEASE IN HEAD AND NECK ` 


EE 


Site of l Iny oly ement 





Nasal cavity, paranasal : sinuses 


Orbit, eyelid 


Ocular globe 


Oral cavity 


Tonsils 


Parotid and submandibular glands 


Larynx and trachea 


Skin of head and neck 


Bones of head and neck 


Temporal bones, including middle ear 


Soft tissues of head and neck 


Thyroid gland 


Central nervous system 
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d linical Features 


One of most c common n involved sites: there may be either diffuse infiltration of mucosa 
or formation of polyps; adjacent bone may be eroded; usually described climically as 
polyps; commonly associated with other extranodal localizations such as orbit, skin, 
and oral cavity 


Extraconal orbital soft tissue masses with proptosis are major expressions of orbital 
disease: bones of orbit may have undergone osteolysis or sclerosis; it may be very pain- 
ful; enucleation of eyeball may be required, but this does not seem to have any effect on 
overall prognosis 


Ocular globe involvement is rare, but may be lethal 


Most commonly, palate is affected: usually, oral involvement is associated with other 
extranodal localizations such as nasal cavity 


Tends to be persistent; always associated with cervical adenopathy 


Gland involvement may be bilateral; frequently associated with lymph node involve- 
ment and extracapsular nodal extension; it may be associated with history of dryness of 
mouth 


Tissue infiltration and edema may cause circumferential narrowing or polypoid appear- 
ance; vocal cords may be involved, with impaired mobility: multiple lower respiratory 
tract lesions may be associated; life-threatening dyspnea or marked stridor may require 
tracheostomy; no adverse effect on overall prognosis 


Dermo-epidermal infiltration presents as nodular, papular, or plaque lesions: in some 
cases, cutaneous rash is associated; subcutaneous lesions are less common, bul involve- 
ment may seem to be “panniculitis” 


Multiple small lytic lesions in skull with sharply or poorly defined borders are more 
common than large, mixed, or sclerotic lesions; no predilection for specific site in bone: 
lesions may be painful; they may represent secondary extension from contiguous soft 
tissue lesions growing nearby 


Dural-based lesions of middle and posterior fossae may produce erosion of petrous bone: 
progressive hearing loss may result 


This subset of patients seems to be older than most other patients with RD disease: most 
common site of soft tissue involvement is subcutaneous tissue and is often labeled as 
“skin” involvement 


Rare; usually, gland is involved as extension from adjacent lymph node. it presents as 
painful goiter with mixed echogenic pattern and patient is clinically euthyroid 


involvement is usually confined to intracranial and intraspinal subarachnoidal, subdu- 
ral, and epidural spaces; plaquelike lesions on meninges simulate meningioma, edema 
of adjacent brain may be shown by computed tomography; intraspinal extradural mass 
may produce paraplegia; surprisingly, central nervous system involvement does not seem 
to affect overall prognosis 


COURSE OF DISEASE AND TREATMENT 


jacent anatomic compartments.**»° On the basis of 


Rosai-Dorfman disease is considered to be an indo- 
lent, self-limited disease.* Extranodal involvement 
does not seem to be associated with more aggressive 
disease.!9.2! In many cases, an RD disease patient 
presents to the physician with a history of lymphade- 
nopathy, a biopsy is performed, and the patient is 
then lost to follow-up. Such a pattern would suggest 
that in these patients RD disease has not behaved 
aggressively. Indeed, mosi afflicted patients undergo 
spontaneous remission, with disease manifestations 
gradually subsiding over several months to years. 
However, severe morbidity and mortality have been 
attributed to RD disease. Patients may have a destruc- 
tive disease, with osseous, cartilaginous, and/or soft 
tissue erosion and destruction with extension into ad- 


the clinical course of the disease, patients can be sub- 
divided into |) those who undergo a complete and 
spontaneous remission; 2) those witha chronic course, 
marked by remission and exacerbations; 3) those with 
persistent but stable disease; 4) those with progres- 
sive disease: and 5) patients who die with dissemi- 
nated nodal disease and/or involvement of many ex- 
tranodal organ systems and/or involvement of unusu- 
al sites (kidney, lower respiratory tract).° However, 
the role of RD disease in the cause of death is diffi- 
cult to ascertain. Presumably, patients die either from 
the effects of disseminated nodal and extranodal dis- 
ease or from the significant alterations in immune 
function.*4 


There is no ideal treatment for SHML. in the head 
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and neck.® Aggressive systemic therapy would ap- 
pear to have no place in the treatment of localized 
disease. Conversely, in those patients with extensive, 
recurrent, or progressive disease, which compromises 
organ function, radical surgical procedures such as 
craniotomy,7! partial maxillectomy,>> or tracheosto- 
my?8 may be needed. Endoscopic surgery is the opti- 
mal treatment for nasal involvement and can ensure 
an improved airway after operation.22, Surgical 
treatment may be necessary in those patients who 
have obstructive symptoms due to nodal or extrano- 
dal masses. In one case, the resulting narrowing of 
the airway was so severe that laryngectomy became 
necessary.” 


Treatment protocols should mirror the clinical 
manifestations. A range of therapeutic modalities may 
be used, and an ideal therapeutic regimen has yet to 
be identified. Patients may die secondary to thera- 


peutic maneuvers, eg, intracranial hemorrhage short- 
ly after craniotomy in an attempt to resect an intra- 
cranial extension of disease.*! Adjuvant therapies 
(chemotherapy and/or radiotherapy) have been used, 
but the efficacy of these agents does not seem evi- 
dent so far. A combination of vinca alkaloid; an alky- 
lating agent (vinblastine sulfate, chlorambucil, or 
cyclophosphamide), and corticosteroids may be of 
value.34 


UNFAVORABLE PROGNOSTIC FACTORS 


Indicators of poor prognosis include widespread 
dissemination and involvement of the kidney, liver, 
and respiratory tract; immunologic abnormalities (au- 
toimmune hemolytic anemia, identification of rheu- 
matoid factor, antinuclear antibodies, positive lupus 
erythematosus preparations); and association of ane- 
mia with neutrophilia, lymphocytopenia, or elevated 
erythrocyte sedimentation rate.® 
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PEDIATRIC TYPE I THYROPLASTY: AN EVOLVING PROCEDURE 


DANA THOMPSON LINK, MD MICHAEL J. RUTTER, MBCHB, FRACS JAMES H Lily. MD 
ROCHESTER, MINNESOTA CINCINNATI, OHIO CINCINNATI OHIO 
J. PAUL WILLGING, MD CHARLES M. MYER, MD ROBIN T. COTTON, MD 





CINCINNATI, OHIO CINCINNATI, OHIO CINCINNATI, OHIO 

The treatment of vocal fold paralysis by type I thyroplasty in the pediatric age group has not been reported. From 1990 to | 998, 
12 type I thyroplasty procedures were performed on 8 patients between 2 and |7 years of age. The most common cause of vocal fold 
paralysis was neurologic, followed by vagal injury from a cardiac procedure. The most common indications for the procedure were 
aspiration and dysphonia. In our early thyroplasty experience, adult techniques and measurements adapted after [sshiki or Netterville 
were used. Postoperative laryngoscopy showed that in most cases, the placement of the implant was too high. There were vartable 
outcomes in aspiration and dysphonia with this technique. These findings appear to be independent of thyroplasty approach or of 
implant design type. We conclude that the standard approach for vocal fold medialization in the adult cannot be applied accurately in 
the pediatric population. In performing pediatric thyroplasty, the anatomically lower position of the vocal fold must be taken into 
consideration, We have since modified our technique to adjust for accurate identification of the vocal fold line and medialization. The 
modified approach for vocal fold medialization in the pediatric population is discussed. 





KEY WORDS — aspiration, pediatric thyroplasty, thyroplasty, vocal fold paralysis. 


INTRODUCTION at the vocal fold line. The adult thyroplasty window 

Medialization of the vocal fold for unilateral vo- height ranges from 5 to 6 mm, and the window length 
cal fold paralysis was popularized by Isshiki et al! in ranges from 10 to 14mm, depending on the size of 
1974. There have been no published series on the the cartilage and the gender of the patient. The rela- 
applications, indications, and technique of type I thy- tionships of the endolaryngeal structures to the €x- 
roplasty in the pediatric population. Since the intro- ternal thy roid cartilage landmarks have not been de- 
duction of thyroplasty techniques, the procedure has termined fully in the pediatric larynx. Because the 
been modified and altered by many authors.2-° The laryngeal cartilage does not reach aduit size until pu- 
applications of the original description of type I thy- berty,!! the application of thyroplasty window mea- 
roplasty have extended beyond that of medialization surement guidel ines recommended for adults may not 
for unilateral vocal fold paralysis and include voice be appropiate: OF transferable to the pediatric pa- 
improvement for vocal fold atrophy% and improv- tient. !- 
ing glottic closure in the treatment of aspiration.” !° The purpose of this study was to review our op- 
Though the indications have expanded, the basic sur- erative experience with pediatric type I thyroplasty. 
gical procedure and placement of the thyroplasty win- After review of our initial pediatric thyroplasty pro- 
dow have not altered much since the original descrip- cedures in which adult measurement guidelines were 
tion by Isshiki et al.! The success of the operation used, we found that in most cases, the thyroplasty 
depends on an understanding of the relationship be- window and implant placement were uniformly too 
tween the external thyroid cartilage landmarks and high and in the false vocal fold region. This finding 
the endolaryngeal structures. Correct identification prompted a critical assessment of the procedures per- 
of the level of the vocal fold line with precise place- formed at our institution prior to 1997 with the appli- 
ment of the thyroplasty window is necessary for ac- cation of adult techniques to the pediatric patient. 
curate medialization of the true vocal fold. In adults, We review our experience with pediatric type I thyro- 
the level of the vocal fold line is determined by halv- plasty and describe our current modification of the 
ing the distance between the thyroid cartilage notch surgical procedure to adapt to the size differences in 
and the inferior thyroid cartilage border in the mid- the pediatric larynx. 
line. The window is then fashioned by freehand mea- | pe ee 
surements or templates provided by pre-fashioned PATIENTS AND METHODS 
Ku: 272 with the superior margin of the window placed The Cincinnati Children’s Hospital Medical Cen- 
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Fig 1. Steps for identification of vocal fold line in pedi- 
atric patient. Cross in midline represents distance half- 
way between thyroid cartilage notch and inferior border. 
Needle is placed in anterior midline approximately 1 to 
2 mm inferior to cross. A) Simultaneous endoscopic vi- 
sualization identifies anterior commissure. B) Identifi- 
cation of posterior vocal fold landmark and posterioz limit 
of thyroplasty window, which approximates vocal pro- 
cess.-C) Identification of anterior limit of thyroplasty win- 
dow. D) Connecting points between anterior and poste: 
rior points along level of vocal fold line. 


ter Department of Otolaryngology laryngeal surgery 
database was searched for all patients who under- 
went a type I thyroplasty medialization procedure 
between 1990 and 1997. Charts were reviewed for 
indication for procedure, cause of vocal fold paraly- 
sis, and presence of symptoms of aspiration or dys- 
phonia. All operative reports were reviewed for de- 
scription of the procedure, and we specifically noted 
the thyroid cartilage measurements for window place- 
ment, window dimensions, and type and design of 
implant. The operative technique used followed the 
guidelines recommended for adult thyroplasty. +3 The 
operative reports were also reviewed for anesthetic 
technique (attended local versus general). All preop- 
erative and postoperative microlaryngoscopic or flex- 
ible laryngoscopic photodocumentation of the lar- 
ynx was reviewed to evaluate vocal fold position. 
All patients or their families were contacted dy tele- 
phone or during a clinic visit to assess for subjective 
improvement. in aspiration or dysphonia. 


Patients undergoing thyroplasty in 1998 to the time 
of publication have undergone type I thyroplasty with 


techniques specifically adapted to the anatomy of the 
pediatric larynx. The clinical histories of these pa- 
tients were reviewed for preoperative symptoms and 
indications for thyroplasty. An additional preopera- 
tive assessment of glottic closure and postoperative 
assessment of symptoms and glottic closure were 
done. The evolution of the technique is described be- 
low. 


Modified Pediatric Thyroplasty Technique. Preop- 
erative airway management is determined by the sur- 
geon and is dependent on patient age and coopera- 
tion. In most pediatric patients, the procedure is per- 
formed under general anesthesia with a tracheotomy. 
Another option is a laryngeal mask airway. The steps 
of the operation are as follows. 


1. A horizontal skin incision is made at the level 
of the cricothyroid membrane, and inferior and supe- 
rior subplatysmal skin flaps are raised and retracted. 
The strap muscles are divided in the midline. 


2. The ipsilateral sternohyoid muscle is retracted 
laterally. The ipsilateral thyrohyoid muscle is taken 
down from the thyroid cartilage to provide access to 
the entire lateral thyroid lamina. 


3. Visualization of the larynx is achieved with vid- 
eo endoscopic equipment with a flexible laryngoscope 
in the awake patient or a rigid 0° telescope passed 
transorally in the anesthetized patient. 


4. A 27-gauge needle is passed through the thy- 
roid cartilage lamina in the midline to determine the 
level of the vocal fold and anterior commissure. The 
midpoint of the distance between the thyroid carti- 
lage notch and the inferior thyroid cartilage border 
is first identified. The level of the anterior commis- 
sure typically lies 1 to 2 mm inferior to the midpoint 
(Fig 1A). This point is tattooed with methylene blue. 
Please note that the anterior commissure lies at a 
lower level than in the adult. 


5. The distance is measured between the level of 
the anterior commissure (AC) and the inferior bor- 
der of the thyroid cartilage (ITC), and is noted as the 
AC-ITC distance. 


6. The vocal process is identified by using the AC- 
ITC distance and measuring from just anterior to the 
ipsilateral inferior cornu to a point directly superior. 
A27-gauge needle is passed through the thyroid car- 
tilage lamina. This point will be at the vocal process, 
which is then verified by the endoscopic view (Fig 
1B). This point defines the posterior limit of the thy- 
roplasty window. It is tattooed with methylene blue 
reference. 


7. The anterior limit of the window is determined 
by passing the needle through the thyroid cartilage 
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Fig 2. A) Creation of thyroplasty window, measur- 
ing height approximately 2 mm below line cre- 
ated for upper edge of true vocal fold. B) Drilling 
out thyroid cartilage to level of inner perichondri- 
um. C) Elevation of inner perichondrium. D) Pres- 
sure point medialization with E) simultaneous en- 
doscopic visualization to determine depth of me- 
dialization required. 


until a bulge just below the anterior commissure is 
in approximation with the opposite vocal fold. This 
point is approximately 3 to 4 mm lateral to the ante- 
rior commissure (Fig 1C) and is likewise tattooed 
with methylene blue. 


8. The level of the vocal fold is then mapped out 
by passing the needle through the cartilage along an 
imaginary line that connects the anterior and poste- 
rior marks (Fig 1D). Care is taken to avoid passing 
the needle through the fold with each pass of the nee- 
dle. Rather, the needle is inserted just enough to cre- 
ate a bulge impression at the upper edge of the true 
vocal fold. This line created will actually be at a slight 
incline. The remainder of the window can be created 
at this point. 


9. The dimensions of the thyroplasty window are 
then determined. The height is determined by mea- 
suring a distance of 2 mm inferior to the line at the 
vocal fold. Once this is measured, a parallel line can 
be drawn with methylene blue 2 mm below the line 
created, defining the upper edge of the true vocal 
fold (Fig 2A). 


10. ASurgitome dental drill with a 0.8- or 1-mm 
round drill bit is used to drill out and remove the 
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Fig 3. Schematic representation of A) silicone thyroplasty 
prosthesis design, with B) placement into window. 





cartilage in this space, leaving the inner perichondri- 
um intact (Fig 2B). 


11. A House round knife is used to elevate the 
inner perichondrium around the window (Fig 2C). 
Once the perichondrium is freed around the window, 
the endoscope is brought into the field to visualize 
the larynx. An annulus elevator is used to apply pres- 
sure to the vocal fold area to determine medialization 
and whether the window needs to be drilled inferi- 
orly more (Fig 2D). Care should be taken to leave an 
inferior cartilage strut of 1 to 2 mm or more. If the 
patient is awake, it is at this point that the determi- 
nation of medialization depth can be aided by phona- 
tion. 


12. The annulus elevator is used to determine the 
anterior and posterior depths of medialization (Fig 
2E). Slight overcorrection beyond the midline may 
be required in patients medialized under general an- 
esthesia. | 


13. A silicone (extra firm—grade medical) block 
is fashioned in an umbrella-like prosthesis similar to 
the one originally described by Isshiki et al.! This 
block is measured and cut to match the inward opti- 
mal depth of medialization from the surface of the 
thyroid cartilage (Fig 3A). 


14. The umbrella implant is then placed into the 
thyroplasty window, and its position is confirmed by 
endoscopic visualization. It is secured in place in the 
4 corners of the window with 4-0 nylon mattress su- 
tures (Fig 3B). 


15. The incision is then closed in layers over a 
Penrose drain. 


RESULTS 


From 1990 to 1998, 12 type I thyroplasty proce- 
dures were performed on 8 patients between 2 and 
17 years of age. Patient demographics are described 
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DA IENT DEMOGRAPHICS 
Postop ; e 
Cause TP Implant Implant Pysphonia Aspiration 
Patient Sex Age Indication ofVFP Side Technique Design Anesthesia Placement Pre Post Pre Post 
I F 17 Dysphonia Idiopathic R  Adult-N Wedge Attended TVF Yes No N/A N/A 
local 
2 F 14 Dysphonia Congenital L  Adult-I Umbrella Attended FVF Yes IM N/A N/A 
local 
3 F 12 Dysphonia, CNX L ~~ Adult-N Wedge General FVF Yes Yes Yes IM 
aspiration injury 
(cardiac 
surgery) 
4 F 14 Dysphonia, Skullbase R  Adult-N Wedge Attended FVF Yes Yes Yes IM 
aspiration tumor local 
5 F 14 Dysphonia, Skuillbase R  Adult-N Wedge Attended FVF Yes Yes Yes IM 
aspiration tumor local 
DAT M 2 Aspiration Congenital L Adult-N Wedge General FVF Yes Yes Yes Yes 
varicella of 
BS nuclei 
6B* 3 Aspiration Varicella RH Adult-I Umbrella General FVF Yes Yes Yes IM 
6C* 6 Aspiration Varicella R  Adult-N Wedge General FVF Yes Yes Yes Yes 
6D* 9 Aspiration Varicella R "ed Mod Umbrella General TVF Yes IM Yes Yes 
7At M 7 Aspiration No VFP R  PedMod Umbrella General TVF No No Yes No 
7B 7 Aspiration No VFP L  PedMod Umbrella General TVF 
8 M 2 Dysphonia, CNX L  PedMod Umbrella General TVF Yes No Yes No 
aspiration injury 
(cardiac 
surgery) 


VFP — vocal fold paralysis; TP — thyroplasty; Adult-N — adult technique with Netterville Laryngoplastic Tray; TVF — true vocal fold; 
N/A — not applicable; Adult-I — adult technique following Isshiki guidelines; FVF — false vocal fold; IM —- improved; CN — cranial nerve; 


BS — brain stem; Ped Mod — modified pediatric technique. 


` *Same patient with multiple staged procedures for bilateral thyroplasties for glottic closure. 
{Same patient with simultaneous bilateral thyroplasties for glottic closure. 


in the Table. The indications for the procedure in- 
cluded aspiration and dysphonia.-Six patients with 
unilateral vocal fold paralysis underwent unilateral 
type I thyroplasty. One patient with chronic aspira- 
tion underwent simultaneous bilateral type I thyro- 
plasties for glottic closure. One with bilateral medi- 
an vocal fold paralysis from a congenital brain stem 
varicella infection underwent staged bilateral type I 
thyroplasty procedures for glottic closure. This pa- 
tient has required 3 revisions of his right side. 


The anesthesia technique was attended local in 4 
cases (ages 14 to 17) and general anesthesia via a 
tracheotomy in 7 (ages 2 to 12). 


From 1990 to 1997, thyroplasty was performed 
with adult measurements and techniques. This was 
done on 8 vocal folds in 6 patients 2 to 17 years of 
age. From 1998 to the time of publication, the modi- 
fied procedure was performed on 4 vocal folds in 3 
patients 2 to 7 years of age. In all cases prior to 1997, 
placement of the thyroplasty window was determined 
by dividing the height of the thyroid cartilage in half 
to identify the level of the vocal fold line. The win- 
dow anterior limit was 4 to 5 mm posterior (lateral) 
to the midline. The length of the window varied with 


different ages and ranged from 7 to 13 mm. The win- 
dow height ranged from 5 to 6 mm and was located 
generally in the midportion of the. cartilage in order 
to avoid fracturing of the inferior strut. The Netter- 
ville Laryngoplastic Tray (Xomed) with a silicone 
wedge implant design was used in 6 medialization 
procedures. An Isshiki umbrella-design silicone im- 
plant was used in 2 cases. In the cases with adult 
techniques, postoperative examination of the larynx 
showed that the thyroplasty implant was too high and 
was located in the region of the false vocal fold in 7 
of the 8 cases. 


From 1998 to the time of publication, thyroplasty 
was performed by the previously described modi- 
fied technique. The location of the anterior commis- 
sure was | to 2 mm inferior to the point measured as 
half of the distance between the thyroid cartilage 
notch and the inferior border of the thyroid cartilage. 
The vocal fold line had a slight inclination in the 
posterior inferior direction in all cases. The anterior 
limit of the thyroid cartilage window was 3 to 4mm 
posterior (lateral) to the midline. The height of the 
window ranged from 2 mm (patient 8) to 3 mm (pa- 
tients 7A and 7B). The length varied from 4 mm (pa- 
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tient 8) to 7 mm (patients 6D, 7A, and 7B). 


One patient underwent modified pediatric thyro- 
plasty as a revision after 2 previous thyroplasty pro- 
cedures on the right side (patient 6D). The inferior 
border of the previously designed window required 
lowering to correctly identify the vocal fold line. The 
vocal fold was then medialized by the placement of 
an umbrella-design modified thyroplasty block to ac- 
commodate the dead space from the old window site 
that was located at the region of the false vocal fold. 
Postoperative examination of the larynx following 
the modified pediatric technique showed medializa- 
tion of the true vocal fold. 


Subjective dysphonia was present preoperatively 
in all cases except the 1 patient in whom the proce- 
dure was performed bilaterally for glottic closure. 
Postoperative dysphonia is still present in 7 of the 8 
cases in which adult thyroplasty techniques were 
used. In these 7 cases, the thyroplasty implant was 
found to be located in the false vocal fold region. In 
the 4 cases of medialization by the modified ap- 
proach, dysphonia has resolved in patient 8 and has 
improved in patient 6, according to subjective evalu- 
ation. This last patient will require revision of his 
opposite side. 


Of the 6 patients with preoperative aspiration, 2 
no longer aspirate, 3 are improved, and 1 patient con- 
tinues to aspirate. This child has required multiple 
procedures (patient 6) and will need revision thyro- 
plasty on the left side. His procedure is being staged 
for bilateral glottic closure for chronic aspiration. 


DISCUSSION 


As the applications of thyroplasty have been ex- 
tended, so have the age ranges in which the proce- 
dure is performed. Applications of thyroplasty in the 
pediatric patient include not only medialization for 
unilateral vocal fold paralysis, but also bilateral clo- 
sure for aspiration. Thyroplasty has the advantage 
of being a reversible procedure should the need arise 
or a revision be necessary as the child grows. 


We found that the adult measurements advocated 
by Isshiki et al,! Netterville et al,? and others are 
neither easily nor uniformly transferable to pediatric 
cases. The unique position of the pediatric vocal fold 
in relation to the thyroid cartilage landmarks, in ad- 
dition to the smaller dimensions of the pediatric lar- 
ynx, precludes the use of the standard measurements 
made in adult patients or provided by prefashioned 
thyroplasty templates. We found that the level of the 
fold is not at the midpoint of the anterior thyroid car- 
tilage, as in adults.1:6-13-15 Qur findings are in con- 
trast to a previous report that identified the level of 
the pediatric vocal fold at one half of the distance 


between the thyroid notch and the base of the thy- 
roid cartilage.!* This difference may be attributed to 
the fact that our findings were determined in vivo, in 
contrast to the cadaveric dissection of the previous 
report, IZ Though these differences may seem minor, 
this lower position of the vocal fold in the pediatric 
larynx needs to be accounted for during placement 
of the thyroplasty window, to avoid placement of the 
implant into the false vocal fold region. The tech- 
nique of needle guidance allows for accurate deter- 
mination of the upper edge of the true vocal fold and 
placement of the thyroplasty window in the pediat- 
ric patient. The technique additionally accounts for 
the very slight slope that the vocal fold takes in the 
posterior inferior direction as it approaches the vo- 
cal process of the arytenoid cartilage. The height of 
the window will vary, depending on the size of the 
child and the thickness of the vocal fold. This place- 
ment leaves a small margin of thyroid cartilage for 
an inferior strut. Ideally, a minimum of 2 mm of car- 
tilage should be Jeft between the inferior border of 
the thyroplasty window and the inferior border of the 
thyroid cartilage. Care should be taken not to frac- 
ture this region. In very young patients, medialization 
is facilitated by removal of the cartilage. The height 
of the window in our youngest patients operated on 
by the modified technique was 2 mm. This height 
makes it technically challenging to leave the carti- 
lage window in situ. Another advantage of removing 
the window is that under magnification, one may be 
able to see the muscle fibers of the vocal fold to aid 
in implant design and placement. Because the height 
of the window in very young patients is half the 
height of the adult window, the wedge implant de- 
signs will be difficult to secure without fracturing 
the thyroid cartilage. The authors prefer the umbrella- 
type prosthesis similar to the original design of Isshiki 
et al.! This design allows for accurate determination 
of the depth of medialization from an anterior-to- 
posterior direction, and the implant can be secured 
easily to the thyroid cartilage with nylon sutures. Re- 
versal of the thyroplasty is quite easy with this de- 
sign. 

In the evolution of this procedure in younger pa- 
tients, we did not find that arytenoid adduction was 
necessary, because of the very short distance between 
the vocal process of the arytenoid cartilage and the 
posterior margin of the thyroplasty window in chil- 
dren. We felt that the posterior glottis was adequately 
medialized. The authors recognize that this concept 
may need to be revisited as the procedure continues 
to evolve and we critically look at long-term follow- 
up of these and subsequent patients. 


The choice of general versus attended local anes- 
thesia must be individualized to the patient, and con- 
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siderations of patient age, maturity, and cooperation 
should be taken into account. Though we do not have 
specific guidelines, we feel that the procedure is best 
done in children under 12 under general anesthesia 
with the placement of a tracheotomy tube. This al- 
lows for visualization and medialization without in- 
terference by an endotracheal tube when phonation 
under attended local anesthesia is not possible. We 
found that this technique did not interfere with achiev- 
ing adequate medialization for complete glattic clo- 
sure. If a thyroplasty is being performed fov unilat- 
eral vocal fold paralysis, decannulation can proceed 
once the patient tolerates tracheotomy tube plugging. 
If, however, the procedure is being performed in a 
bilateral fashion for glottic closure, decannulation ob- 
viously is not a consideration. A laryngeal mask air- 
way is another excellent option for perioperative air- 
way management. 


Accurate medialization of the true vocal fold re- 
sults in improvement or resolution of dysphonia and 
aspiration. Placement of the thyroplasty implant in 
the false vocal fold region produces varied outcomes 
in terms of dysphonia and aspiration. Our initial ex- 
perience using adult techniques in pediatric thyro- 
plasty reflects this. Only 1 patient in whom adult me- 
dialization techniques were used had true vocal fold 
medialization and resolution of dysphonia ‘patient 
1). The ability to accurately medialize the tree vocal 
fold in this case likely can be attributed to the fact 
that by the age of 17 years, her larynx was near adult 
size and the application of adult thyroplasty n-easure- 
ments was transferable. The older the child and the 
more adult-size the larynx, the higher the likelihood 
of being able to apply adult techniques to the opera- 


tion. 


The evaluation of the use of preoperative and post- 
operative assessments of vocal function through stro- 
boscopy and acoustic analysis was not a part of or a 
goal of this report. We were limited by the retrospec- 
tive design of the study, as well as by incomplete 
laryngeal videostroboscopic examinations. It is dif- 
ficult to discuss the topic of vocal fold medialization 
without mention of these objective parameters. We 
found uniformly that the patients who had assess- 
ment by laryngeal stroboscopy had results that were 
often difficult to interpret. This reflects the paucity 
of reports on the topic of laryngeal stroboscopy in 
children. As the procedure of vocal fold medialization 
in the pediatric population becomes more commonly 
performed, perhaps the analysis of acoustic and stro- 
boscopic parameters will advance as the procedure 
continues to evolve. 


We conclude that vocal fold medialization by a 
modified type I thyroplasty technique is technically 
possible in the pediatric population and that there 
are appropriate indications for the procedure. Dur- 
ing the procedure, accurate medialization of the true 
vocal fold is dependent on precise identification of 
its level and accurate placement of the thyroplasty 
window. There is no standard procedure for pediat- 
ric patients, and each case must be individualized. 
We are certain that the operative technique will con- 
tinue to evolve as we and others increase the number 
of procedures performed in the pediatric population. 
Future clinical and research goals will be to evaluate 
the outcomes of this procedure in children, as well 
as to determine the timing for revision surgery, if 
needed, as the larynx grows and develops. 
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TEN-YEAR EXPERIENCE WITH CERVICAL MINIESOPHAGOSTOMY 


GADY HAR-EL, MD 
BROOKLYN, NEW YORK 


This report describes our experience with 35 patients who underwent intraoperative transcutaneous cervical miniesophagostomy 
(TCME) during conservation laryngeal and/or hypopharyngeal surgery. The TCME was designed to provide enteral alimentation 
without the need for a nasogastric tube. Nasogastric tubes may cause posterior laryngeal inflammation, granulations, muscle dam- 
age, and vocal cord immobility. Friction between nasogastric and tracheotomy tubes may result in damage to the remaining posterior 
larynx and may delay healing, oral feeding, and decannulation. Percutaneous endoscopic or radiologically assisted gastrostomy is a 
possible solution. However, it requires time, special expertise, and coordination with other specialties. In addition, immediate and 
delayed abdominal complications may occur. The TCME is a relatively simple and quick procedure that is performed during the 
primary cancer surgery by the head and neck surgeon. It requires no special equipment. It takes about 5 minutes to perform and, if 
done correctly with tunneling under the skin flaps, is associated with minimal or no postoperative morbidity. It is useful after 
supraglottic laryngectomy, partial laryngectomy, partial laryngopharyngectomy, and base of tongue resection, and in selected cases 
of vertical hemilaryngectomy and anterolateral laryngectomy. In the last group, we found that TCME is required if the arytenoid 
cartilage is removed and the posterior aspect of the larynx is disrupted. There were only minor complications related to TCME. 
Leakage from the miniesophagostomy did not occur, primarily because of the superior-to-inferior orientation of the tube and the long 
subplatysmal tunneling before esophageal entrance. 


KEY WORDS — enteral alimentation, esophagostomy. 


INTRODUCTION ally easier to manage and more cosmetically appeal- 

Adequate nutrition is an essential component of ing than an NGT. However, gastrostomy tubes may 
perioperative management of head and neck cancer also result in significant complications. SE Com- 
patients. Many patients with malignancy of the up- plications of gastrostomy include abdominal wall in- 
per aerodigestive tract present with a significant nu- fection, intestinal obstruction, wound dehiscence, 
tritional deficit. Since surgical resection often results peritonitis, sepsis, intra-abdominal abscess, and even 
in additional anatomic and functional deficits that death.'*!°.!8 At our institution, we have witnessed 2 
make oral food intake difficult, and since maintain- gastrostomy-related deaths in the last 6 years. Both 
ing adequate nutritional status is important for recov- Were related to intra-abdominal infectious complica- 
ery from surgery, we usually-rely on alternative meth- tions. In addition, at most centers, gastrostomy place- 
ods of enteral alimentation. The nasogastric tube Ment requires a second surgical or radiologic team 
(NGT) has been the standard method of postopera- With additional operating room, endoscopy suite, or 
tive alimentation in head and neck cancer patients. radiology suite time. 
However, prolonged use of an NGT may lead to na- Gastrostomy remains the best long-term method 
sal necrosis and deformity, sinus infection, and hypo- of postoperative enteral alimentation. However, for 
pharyngeal or posterior laryngeal irritation, inflam- the immediate and short-term management of the pa- 
mation, ulceration, and granulation.’ In our experi- tient after partial laryngeal resection, we have found 
ence, the coexistence of an NGT and a tracheotomy the transcutaneous cervical miniesophagostomy 
tube, both being mobile and rigid structures, may re- (TCME) to be beneficial and advantageous. 
sult in posterior laryngeal and postcricoid ulceration 
and granulation. This contributes to postoperative dys- PATIENTS AND METHODS 


phagia and may delay commencement of oral food 


A review of the database of head and neck cancer 
intake and decannulation. 


patients treated by the author at the State University 


A gastrostomy tube is certainly a possible solu- of New York—Health Science Center at Brooklyn and 
tion and has been gaining increasing popularity dur- at affiliated hospitals between 1989 and 1998 re- 
ing the last 15 years.85-15 The gastrostomy tube may vealed that 35 patients received intraoperative TCME. 
be placed in an open procedure, in a percutaneous The demographic information, site of tumor, surgi- 
endoscopic procedure (PEG), or in a radiologically cal procedure, and complications associated with the 
assisted procedure (RAG). A gastrostomy tube is usu- TCME were recorded. 


From the Department of Otolaryngology, State University of New York—Health Science Center at Brooklyn, Brooklyn, New York. 
Presented at the meeting of the American Broncho-Esophagological Association, Palm Desert, California, April 26-27, 1999. 
CORRESPONDENCE — Gady Har EL MD, Dept of Otolaryngology, SUNY-HSCB, 450 Clarkson Ave, Box 126, Brooklyn, NY 11203. 
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Fig |. Reprinted with permission.'? A) 8F feeding tube passed through upper neck flap. B) Esophageal entrance incision. C) 
Tube passed into distal esophagus. D) Completed transcutaneous cervical miniesophagostomy. Tube is tunneled subcutane- 


ously for 7 cm. 
PROCEDURE 


The TCME is performed after completion of the 
resection of the primary tumor and the neck dissec- 
tion. It is performed before closure or reconstruction 
of the laryngopharynx. It is usually performed con- 
tralateral to the tumor side, preferably on a side with 
an intact sternocleidomastoid muscle. 


The technique itself has not changed much since 
we introduced it in 1994.19 The upper neck skin flap 
is temporarily brought down and redraped (Fig 1A!%). 
The skin entrance site is marked, at or just below the 
level of the angle of the mandible. A stab incision is 
made, through which an 8F silicone feeding tube is 
passed into the neck. Next, a long tonsil clamp is 





Fig 2. Transcutaneous cervical miniesophagostomy af- 
ter partial laryngectomy. 


placed through the postcricoid region into the esopha- 
gus and passed as distally as possible (Fig 1B). The 
tip of the clamp is used to tent the esophagus, and 
the bulge is identified in the lower neck, usually at 
the thoracic inlet level. A No. 11 blade is used to make 
a stab incision in the esophageal wall onto the tip of 
the clamp. The tip of the feeding tube is grasped with 
the jaws of the clamp and passed distally into the 
esophageal lumen. The clamp is opened and removed, 
and the feeding tube is passed into the stomach (Fig 
1C). Its proper location is verified by injecting air 
into the tube while the anesthesiologist auscultates 
the abdomen. Closure and reconstruction of the up- 
per aerodigestive tract are then completed, and the 
skin is also closed. The result is a feeding tube that 
enters high in the neck and has a subcutaneous tun- 
nel of at least 7 cm before entering the esophagus 
(Fig 1D). The feeding tube is secured to the skin at 
its entrance with a nonabsorbable suture (Fig 2). 


Feeding through the TCME starts on the first post- 
operative day. Once it has been determined that the 
patient is ready for oral food intake, the TCME feed- 
ing tube is removed, a dressing is applied over the 
skin entrance site, an intravenous line for fluid man- 
agement is inserted, and the patient is given nothing 
by mouth for 24 hours. Oral food intake is then re- 
sumed. 


RESULTS 


Thirty-five patients, 26 men and 9 women, ages 
38 to 82 years, underwent TCME during a 10-year 
period. Table | shows the site of the primary tumor. 
Table 2 shows the primary surgical procedures, dur- 
ing which TCME was also performed. Thirty-two of 
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TABLE 1. SITE OF PRIMARY TUMOR 


Site No. of Patients 
- Supraglottic larynx II 
Glottic larynx 6 
Transglottic larynx 3 
Hypopharynx 1] 
Base of tongue 4 


the 35 patients underwent some form of unilateral or 
bilateral neck dissection. Flap reconstruction was 
required in 5 of the 35 patients. The TCME was per- 
formed by the head and neck surgeon, who devoted 
4 to 10 minutes to the procedure. 


Thirty-four patients had the TCME tube for 4 to 
60 days, with a median of 9 days. One patient who 
underwent extended supraglottic laryngectomy was 
not able to regain oral food intake. He was offered a 
gastrostomy tube, but refused, as he was very com- 
fortable with the TCME and was caring for it on an 
outpatient basis. Sixteen months after the surgery, 
he underwent resection of a second primary cancer 
of the soft palate, during which a gastrostomy tube 
was placed. Two years later, he died of a third pri- 
mary cancer in the lung. 


Five patients were not able to regain full oral food 
intake, and their TCME was converted to gastros- 
tomy within 3 to 8 weeks after the original surgery. 
Of the 7 patients who developed pharyngocutaneous 
fistula, in 6 patients the fistula occurred on the side 
contralateral to the TCME. The presence of the TCME 
had no impact on the management of the fistula, ex- 
cept for the fact that an NGT was not exposed in the 
depth of the fistula wound. A pharyngocutaneous fis- 
tula developed on the side of the TCME in 1 patient 
who underwent supraglottic laryngectomy with bilat- 
eral neck dissection. The feeding tube was exposed 
in the depth of the fistula in the neck. The fistula 
developed at the pharyngeal closure site and had no 
relation to the esophageal entrance of the TCME tube. 
Aggressive local wound care led to rapid healing 
without the need to remove the TCME tube. 


No major complications related to the placement 
of the TCME were seen. Three patients had minor 
complications. One patient who underwent vertical 
hemilaryngectomy and TCME developed significant 
postoperative subcutaneous emphysema. However, 
it is not clear if the emphysema developed second- 
ary to TCME placement or the primary procedure 
itself. The emphysema resolved within 72 hours with- 
out treatment. One patient developed a limited skin 
infection around the TCME entrance site. This re- 


sponded to local wound care and antibiotics. The pa- . 
tient who had the TCME for 16 months presented 8- 
months after surgery with a nonfunctioning, clogged. 


TABLE 2. PRIMARY SURGICAL PROCEDURE 


No. of 
Procedure Patients 
Supraglottic laryngectomy 11 
Vertical! hemilaryngectomy 5 
Extended, anterolateral, or “three-quarter” 
laryngectomy 4 
Partial pharyngectomy 6 
Partial laryngopharyngectomy 5 
Base of tongue resection 4 


tube. Attempts to clear the tube failed. It was pulled 
out, and a new tube was immediately inserted with- 
out difficulty. Its location was verified radiologically, 
and the patient resumed his TCME feedings. 


It should be noted that during the first 5 years of 
performing TCMEs, we used this procedure for all 
hemilaryngectomies. However, we currently do not 
perform a TCME in a hemilaryngectomy procedure 
in which all or most of the arytenoid cartilage is pre- 
served and no significant disruption of the posterior 
larynx is created. This is because healing, decannu- 
lation, and resuming oral food intake usually occur 
very early in the postoperative period. Also, the place- 
ment of a TCME during the procedure is more diffi- 
cult in these patients, because many of them do not 
require simultaneous neck dissection and the surgi- 
cal field is very small, usually limited to the larynx 
only. However, when partial vertical hemilaryngec- 
tomy includes complete removal of the arytenoid car- 
tilage and disruption of the posterior larynx, a TCME 
is of great benefit. In patients who are expected to 
require a very short period of postoperative enteral 
alimentation (less than 4 to 5 days) and did not have 
laryngeal surgery, we continue to use the NGT. We 
also use the NGT in total laryngectomy patients. 


DISCUSSION 


Different techniques of cervical esophagostomy 
have been described in the past.?0-25 Shumrick 26 used 
the term pyriform smusotomy. These are usually di- 
rect esophagostomies with a higher rate of leakage. 
Their placement may also be difficult, because of 
the proximity of the esophagostomy to the recon- 
structed laryngopharynx. In addition, they usually 
require surgical closure upon onset of adequate oral 
food intake. The TCME does not require surgical clo- 
sure, its entrance into the esophagus is distant from 
the reconstruction site, and its leakage rate is 0%. 


Originally, gastrostomies were used only in pa- 
tients who required a long-term or permanent method 
of enteral feeding. However, with the introduction 


_ Of the relatively simple PEG and RAG, gastrosto- 


mies are also used now as temporary procedures. Al- 
though gastrostomy avoids the complications of an 
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TABLE 3. ADVANTAGES OF TRANSCUTANEOUS 

CERVICAL MINIESOPHAGOSTOMY 

Performed by head and neck surgeon 

Performed at time of resection 

Minimal operative time 

Distal to laryngeal and/or pharyngeal suture line 

Easy to manage 

No leakage 

Avoids nasogastric tube nasal complications 

Avoids posterior laryngeal irritation 

Avoids abdominal complications 

Very low complication rate (none major) 

Easy to remove, no need for surgical closure 


NGT, it introduces a different list of possible compli- 
cations. Many of these complications are maior and 


may lead to significant morbidity or mortality. 12-15-18 
Although a few head and neck surgeons perform 
PEG, '> most gastrostomies are performed by gastro- 
enterologists, general surgeons, or interventional ra- 
diologists. Therefore, they require a second team with 
additional anesthetic considerations and operating 
room, endoscopy suite, or radiology suite time. 


The advantages of TCME are shown in Table 3. 
Ideal candidates for TCME are patients who have 
had laryngeal and/or pharyngeal surgery in which 
the entire larynx or part of it was preserved, in whom 
the surgery included disruption and/or reconstruc- 
tion at the posterior aspect of the larynx, and who 
are anticipated to eventually acquire adequate deglu- 
tition and oral food intake. Also, preferably, neck dis- 
section was part of the procedure. 
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ADDENDUM 


Since the presentation of this paper, we have performed TCME also with supracricoid laryngectomy, as 
well as with endoscopic laser supraglottic laryngectomy with neck dissection. For endoscopic supraglottic 
laryngectomy, a 36F esophageal dilator (bougie) is placed, and the TCME is done through the neck. 
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The pediatric tracheostomy stoma can be matured via a technique that places 4-quadrant sutures from the tracheal cartilage to the 
dermis. This has the potential of decreasing the risk of accidental decannulation and the formation of granulation tissue. A retrospec- 
tive analysis of 149 tracheostomies performed between January 1989 and December 1996 was done for the following factors: age, 
underlying diagnosis, indication for tracheostomy, type of tracheal incision, maturation of stoma, duration of tracheostomy, and early 
and late (>7 days) complications. Maturation of the stoma was performed in 88 (59.1%) of the 149 tracheostomies. There was an 
overall complication rate of 21.5% (32/149, not including granulation tissue formation). There were 9 (6.0%) early complications 
and 23 (15.4%) late complications. The overall incidence of tracheocutaneous fistulas occurred in 11 (11.2%) of the 98 decannulated 
patients: 6 (10.2%) of the 59 matured stomas and 5 (12.8%) of the 39 nonmatured stomas. Granulation tissue was found on subse- 
quent laryngoscopy in 24 (27.3%) of the 88 matured stomas versus 23 (37.7%) of the 61 nonmatured stomas. There were no trache- 
ostomy-related mortalities. Maturing the tracheostomy stoma resulted in a decreased morbidity from accidental decannulations and 


did not increase the incidence of tracheocutaneous fistulas or granulation tissue formation. 


KEY WORDS — complications, incisions, pediatric tracheostomy, stoma maturation. 


INTRODUCTION 


Historically, tracheostomy in children has been 
used to relieve upper airway obstruction due to infec- 
tious causes (ie, diphtheria, poliomyelitis, epiglotti- 
tis). These indications have declined secondary to 
vaccines and the increasing usage of endotracheal 
intubations in children. However, the improved sur- 
vival of critically ill children and preterm infants has 
resulted in a resurgence of tracheostomies in chil- 
dren. Unfortunately, pediatric tracheostomy contin- 
ues to be associated with significant morbidity and 
mortality when compared to adult tracheostomy.!2 


The increased morbidity and mortality are more 
often associated with long-term tracheostomy, but 
may also occur with short-term tracheostomy. The 
frequency and severity of complications from pedi- 
atric tracheostomy are proportional to the underly- 
ing disease and inversely proportional to the child’s 
age 22 This latter trend is most likely due to a matur- 
ing pulmonary system in infants and a compliant and 
actively growing trachea that is easily affected by the 
introduction of the tracheostomy tube.* The type of 
tracheal incision can have an impact on the growth 
and patency of the trachea. Controversy surrounds 


-the type of tracheal incision considered appropriate 


for pediatric tracheostomy.* The choices include a 
vertical incision, a horizontal incision, an inferiorly 
based flap tracheostomy (IBFT), and a superiorly 
based flap tracheostomy (SBFT). Arecent physician 
survey shows 75% performing a vertical incision, 
15% either an IBFT or an SBFT, and 10% using a 
horizontal incision.© Each technique has associated 
advantages and disadvantages. However, no specific 
technique exists that decreases the morbidity caused 
by accidental decannulation while being associated 
with a low incidence of delayed complications due 
to tracheocutaneous (TC) fistulas and granulation tis- 
sue formation. 


At our institution, a technique utilizing a vertical 
tracheal incision with a 4-quadrant maturation of the 
tracheostomy stoma has been employed. The pur- 
pose of this retrospective study was to present our 
experience with matured tracheostomies and com- 
pare their associated complications against those oc- 
curring in nonmatured tracheostomies. 


METHODS 
Study Design. The medical records of 149 consec- 
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A 


utive tracheostomies performed by the Division of 
Pediatric Otolaryngology between January 1989 and 
December 1996 were reviewed. Six patients required 
more than 1 tracheostomy (2 of whom required 3 
separate procedures), making the total patient count 
141. A retrospective analysis was done for the fol- 
lowing factors: age, underlying diagnosis, indication 
for tracheostomy, type of tracheal incision, matura- 
tion of stoma, duration of tracheostomy, and early 
and late (>7 days) complications. Data were ccllected 


and analyzed with a spreadsheet program (Microsoft. 


Excel). The differences in complications betwzen the 
matured and nonmatured stoma cases were analyzed 
with the y? test. A probability level of p< .05 was se- 
lected as significant. . 


Procedure. All the procedures were performed un- 
der general anesthesia by one of our attending pedi- 
atric otolaryngology staff. The tracheostomy was per- 
formed as follows with only minor variations, as dis- 
cussed later. After the placement of proper monitor- 
ing instruments, the neck is hyperextended with a 
shoulder roll. A vertical midline skin incision is made 
below the level of the cricoid cartilage after infiltra- 
tion of a local anesthetic agent. Subcutaneous adi- 


TABLE 1. UNDERLYING DISORDERS (N = 149) 


No. Jo 
Airway obstruction 96 64.4 
Subglottic stenosis 29 
Laryngotracheomalacia 24 
Obstructive sleep apnea 18 
Head and neck neoplasm 10 
Vocal cord paralysis 4 
Laryngeal cleft 4 
Subglottic hemangioma 4 
Tracheitis 3 
Central nervous system disorders 38 235.9 
Craniofacial disorders - 22 14.8 
Respiratory disease 19 12.8 
Trauma 6 4.0 


Cardiac disease 6 4.0 





Illustration depicting tracheosto- 
my stoma maturation. A) Frontal 
view showing matured stoma. B) 
Closer view of matured stoma. C) 
Cross-sectional view illustrating 
placement of maturation suture. 


pose tissue is removed as needed. Cricoid and tracheal 
rings 1 to 3 are identified. Four-quadrant absorbable 
maturing sutures are placed from the second and third 
tracheal cartilages (paramedian) to the dermis of the 
skin (see Figure, C). A vertical tracheal incision is 
performed between the maturing sutures (see Fig- 
ure, A,B). Bilateral nonabsorbable retention sutures 
are then placed through the cartilage lateral to the 
incision. With the neck flexed, an appropriate-sized 
tracheostomy tube is then placed and secured by tra- 
cheostomy ties. In select cases, the placement of the 
tube is verified by rigid bronchoscopy. A postopera- 
tive chest x-ray is obtained and evaluated for place- 
ment of the tracheostomy tube, pneumothorax, and 
pneumomediastinum. The patient is observed at least 
overnight in the intensive care unit, and receives rou- 
tine tracheostomy care with humidified air and close 
follow-up by a tracheostomy nurse specialist. The 
initial tracheostomy tube change is performed at 5 
to 7 days postoperatively. 


RESULTS 


Demographics. There were 88 boys and 61 girls 
(male-to-female ratio 1.4 to 1.0). The average age at 
the time of the tracheostomy was 5.6 years (range 3 
days to 21 years). Airway obstruction was the most 
common underlying disorder, followed by central 
nervous system disorders (Table 1). Subglottic steno- 
sis was the most frequent cause of airway obstruc- 
tion. The indications for the tracheostomy are listed 
in Table 2. 


TABLE 2. INDICATIONS FOR TRACHEOSTOMY 


o (N = 149) 

No. Yo 
Failure to extubate 76 51.0 
Airway obstruction 48 32.2 
Airway obstruction after surgery 18 12.1 
Aspiration 2 1.3 
Respiratory arrest 2 1.3 
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TABLE 3. TRACHEAL INCISIONS (N = 149) 


Total 
No. % Matured Nonmatured 
Vertical 125 83.9 81 44 
Horizontal 9 6.0 4 5 
T-shaped Se 1.3 1 1 
Cross i 0.7 0 H 
Semicircular I 0.7 0 D 
Unknown 11 7.4 2 9 


Matured Versus Nonmatured Stomas. Maturation 
of the stoma was performed in 88 of the 149 cases 
(59.1%). The tracheal incisions used are listed on Ta- 
ble 3. The majority of the tracheostomies were per- 
formed with a vertical incision. A horizontal inci- 
sion was done for older children and trauma patients 
with an average age of 14.6 years. The other inci- 
sions were performed in unusual circumstances, in- 
cluding a dog bite to the larynx and a revision trache- 
ostomy after cricothyratomy. 


The average duration of intubation prior to trache- 
ostomy was 16.1 days, and the average duration of 
postoperative ventilator support was 6.4 days (ex- 
cluding long-term ventilator-dependent patients). At 
the time of the chart review, 98 patients were decan- 


nulated'(65.8%), and the length of time before decan- 
nulation ranged from 4 to 1,642 days and averaged 
344 days. 


C omplications. There was a 53.0% (79/149) com- 
plication rate in our series (Table 4). The exclusion 
of granulation tissue formation decreases the com- 
plication rate to 21.5% (32/149). There were 9 (6.0%) 
early complications: accidental decannulation (3), 
pneumothorax (2), pneumonia (1), subcutaneous em- 
physema (1), stomal bleeding (1), and stomal stitch 
breakdown (1). One episode of pneumothorax oc- 
curred in a child undergoing concurrent distal tra- 
cheal reconstruction for tracheal stenosis. The stoma 
was matured in this case. The pneumothorax was 
noted on postoperative chest x-ray, and a chest tube 
was placed. No accidental decannulation took place. 
The patient remains cannulated due to persistent tra- 
cheal and subglottic stenosis. The other episode of 
pneumothorax occurred in an 11-year-old child with 
a nasopharyngeal angiofibroma who had the trache- 
ostomy performed for postoperative airway manage- 
ment. The stoma was not matured, and an accidental 
decannulation occurred with difficult reinsertion. 
Pneumothorax resulted, and a chest tube was placed. 
In contrast, in the 2 other accidental decannulations 


TABLE 4. SUMMARY OF COMPLICATIONS 


Matured Nonmatured 
Variables Categories Total Stoma Stoma x p 
Cases 149 88/149 (59.1%) 61/149 (40.9%) 
Gender Male 88 58 30 4.170 .040 
Female 61 30 31 
Age <1 year old 53/149 (35.6%) 36 17 
<2 years old 70/149 (47.0%) 48 22 
Decannulation 98/149 (65.8%) 59/88 (67.0%) 39/61 (63.9%) 0.155 .694 
Early complications 9/149 (6.0%) 5/88 (5.7%) 4/61 (6.6%) 0.049 825 
Accidental decannulation 3 2 ] 
Pneumothorax 2 l 1 
Pneumonia 1 0 i 
Subcutaneous emphysema l d 1 
Stomal bleeding 1 H 0 
Stomal stitch breakdown I 1 d 
Late complications 23/149 (15.4%) 12/88 (13.6%) 11/61 (18.0%) 0.533 465 
Tracheocutaneous fistula 11/98 (11.2%) 6/59 (10.2%) 5/39 (12.8%) 0.166 684 
Mucus plug 4 2 2 
Stomal infection or breakdown 7 4 3 
Anterior tracheal ulceration 
from tip Í 0 l 
Granulation tissue 47/149 (31.5%) 24/88 (27.3%) 23/61 (37.7%) 1.810 .178 
Suprastomal 36/149 (24.2%) 18/88 (20.5%) 18/61 (29.5%) 1.610 204 
Excised 22 13 9 
Not excised 14 5 9 
Parastomal 15/149 (10.1%) 6/88 (6.8%) 9/61 (14.8%) 2.500 113 
Excised 10 4 6 
Not excised 5 3 


1118 Park et al, Maturation of Pediatric Tracheostomy Stoma 


incurred by patients with matured tracheostamy sto- 
mas, easy reinsertion by the nursing staff cccurred 
without complications. 


Stomal bleeding occurred in 1 case and was felt to 
have been secondary to aggressive suctioning and re- 
solved quickly. Subcutaneous emphysema cccurred 
after a tracheostomy was done for a traumatic laryn- 
geal injury and may have been secondary to the pri- 
mary injury, but was included for completeness. Pneu- 
monia occurred in a 7-month-old patient wizh bron- 
chopulmonary disorder-hyaline membrane disease 
who did not receive perioperative antibiotics. 


Late complications (excluding granulation tissue 
formation) occurred in 23 (15.4%) of the 149 pa- 
tients: TC fistula (11), mucus plug (4), stomal infec- 
tion and/or breakdown (7), and anterior trackeal mu- 
cosal ulceration (1). The overall incidence of TC fis- 
tulas occurred in 11 (11.2%) of the 98 decarnulated 
patients. Of the TC fistulas, 6 (10.2%) occurred in 
the 59 matured stomas, and 5 (12.8%) in the 39 non- 
matured stomas. The difference was not statistically 
significant (vy? = 0.166, p = .684). All TC fistulas oc- 
curred when the tracheostomy tubes had been in place 
for more than 1 year (11/25 cases or 44.0%). The 
average time before decannulation was 609 days for 
cases with TC fistulas, compared to 344 days for all 
cases. There were no tracheostomy-related deaths in 
our series. 


Granulation tissue was found on subsequent laryn- 
goscopy in 24 (27.3%) of the 88 matured stomas and 
in 23 (37.7%) of the 61 nonmatured stomas (%2 = 
1.810, p =.178). Suprastomal granulation tissue was 
found in 18 (20.5%) of the 88 matured stomas and in 
18 (29.5%) of the 61 nonmatured stomas (%2? = 1.610, 
p=.204). Parastomal granulation tissues were found 
in 6 (6.8%) of the 88 matured stomas and in 9 114.8%) 
of the 61 nonmatured stomas (y? = 2.50, p = .113). 
None of these showed significant differences, but a 
trend toward decreased granulation formation with 
matured stomas is present. 


DISCUSSION 


There is controversy in the literature about the type 
of tracheal incision optimal for pediatric tracheosto- 
my.*» Traditionally, vertical tracheal incisions have 
been utilized in the pediatric population to avoid re- 
moval of a tracheal window or flap and to reduce the 
theoretical risk of tracheal stenosis.’ In contrast, hori- 
zontal incision has been avoided in children due to 
difficult recannulation and possible suprastamal an- 
terior tracheal wall collapse.’ It has been suggested, 
especially for long-term tracheostomies, that the cre- 
ation of a formal stoma should be considered.* This 
has the potential to decrease the morbidities that can 


occur after an accidental decannulation and also de- 
crease traumatic recannulation attempts with possible 
false passage and pneumothorax. A formal stoma will 
render recannulation easier. 


Granulation tissue develops in the raw tissue tract, 
where the cartilage and tracheostomy tube come into 
contact. This can occur in up to 80% of tracheosto- 
mies and is considered a normal finding by some BI 
Exuberant granulation may at times result in tracheal 
obstruction that can complicate decannulation. When 
a vertical incision is utilized, the tube may distract 
the cut cartilages laterally, and the resultant defect 
above the tube may fill in with granulation tissue (su- 
prastomal granulation). By creating a circumferen- 
tial mucocutaneous junction at the stoma by the IBFT, 
SBFT, or maturation technique, the wound compli- 
cations and granulation tissue formation may be re- 
duced.® 


Animal studies comparing tracheal incisions pre- 
sent conflicting results. Lulenski and Batsakis!! com- 
pared vertical and inverted U-flap tracheostomies in 
adult dogs and found that the animals with vertical 
incisions had a marked decrease in cross-sectional 
area and lateral diameter. Fry et alt utilized different 
tracheal incisions on weanling ferrets and found that 
vertical slit incisions caused less tracheal stenosis 
and less compromise of airflow resistance as com- 
pared to the inferiorly based trapdoor and horizontal 
H incisions. Miller et al!* compared vertical inci- 
sions and SBFTs in developing rabbits and found a 
30% decrease in cross-sectional area in the vertical 
tracheostomy group. It should be noted that this dif- 
ference was not clinically significant for symptom- 
atic airway obstruction.!* In addition, these studies 
did not comment on the incidence of granulation tis- 
sue formation. 


Rhee et al!3 reviewed 21 SBFTs performed for pe- 
diatric long-term tracheostomies. They found a low 
incidence of complications, with 1 case of wound de- 
hiscence and 1 case of granulation tissue formation. 
Five patients were decannulated, with 2 (40.0%) re- 
quiring a surgical procedure to close the TC fistula. 
In addition, this technique resulted in a stoma resemb- 
ling a total laryngectomy stoma and required a sub- 
stantial increase in procedural time. There was no 
incidence of tracheal stenosis, but this was a prelim- 
inary study with a small number of cases.}5 


Waki et al? reviewed 126 IBFTs performed for a 
pediatric population. Early complications were seen 
in 4% of patients, and late complications in 50%. (The 
majority were granulation tissue formation.) They 
reported a 23% incidence of TC fistula and a 4% 
incidence of tracheal stenosis that prevented decannu- 
lation. Three deaths were attributed to tracheostomy 


; 
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tube obstruction at home.’ 


In comparison, our technique of maturing the sto- 
ma with a vertical tracheal incision resulted in an 
11.2% incidence of TC fistula. This compared fa- 
vorably with reported rates in the literature (3% to 
43%).2.9.14.15 The incidence of TC fistula was not in- 
creased for cases with a matured stoma as compared 
to those with a nonmatured stoma. The incidence of 
granulation tissue formation (31.5%) was comparable 
to that of other studies.!:2:!0 Maturation of the stoma 
did not significantly reduce granulation tissue forma- 
tion, although there was a trend toward a decreased 
incidence when compared to the cases with a nonma- 
tured stoma. The combination of maturation of the 
stoma and the use of retention sutures resulted in rela- 
tively easy recannulation in the event of accidental 
decannulation, with the subsequent avoidance of po- 
tential complications. 


Our technique resulted in no significant incidence 
of tracheal stenosis that prevented decannulation. Be- 
cause the pressure on the superior aspect of the tract 
can lead to collapse of the suprastomal trachea,’ the 
maturation of the stoma should add an outward force 
on the cut edges of the trachea and prevent this col- 


lapse. In contrast, IBFT is associated with a 4% inci- 
dence of tracheal stenosis.” Due to the small number 
of pediatric cases with SBFT, their incidence of tra- 
cheal stenosis has not been determined. !3 


The early complication rate of 6% in our series is 
comparable to those of 4% to 29% reported in the 
literature. !.2.9.10.14 The late complication rate of 47% 
(including granulation tissue formation) also com- 
pared favorably (15% to 53%).!:2.9:10.14 There was 
no tracheostomy-related mortality in our series. 


CONCLUSION 


With the increase in the number of pediatric tra- 
cheostomies, the associated morbidity and mortality 
rates must be minimized. Our technique of utilizing 
vertical tracheal incisions with maturation of the sto- 
ma decreases traumatic recannulation and long-term 
complications. It provides the benefit of a matured 
stoma without the increased risk of TC fistulas seen 
with SBFT and IBFT. Maturing the tracheostomy sto- 
ma also results in a trend toward decreased granula- 
tion tissue formation. In conjunction with close fol- 
low-up, parental education, and home monitoring, 
stomal maturation can reduce the morbidity and mor- 
tality of pediatric tracheostomy. 
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The ability to maintain coordinated vocal cord atduction and upper airway patency is dependent on the integrity of the posterior 
cricoarytenoid (PCA) motoneurons and their multiple neural connections. Study of the PCA motoneurons represents the initial step 
in understanding the complex mechanisms responsible for coordinated vocal cord abduction and may provide an insight into the 
possible pathological processes underlying the various clinical presentations of vocal cord dysfunction. Intracellular recordings were 
made from 11 PCA motoneurons in Sprague-Dawley rats, which all showed an inspiratory augmenting discharge pattern that is also 
characteristic of phrenic nerve activity. The resting mzmbrane potential was —56 + 11 mV. Two PCA motoneurons were injected with 
Neurobiotin to demonstrate neuronal morphology, which was found to be similar to that obtained by retrograde labeling with cholera 
toxin B subunit. The technique described for intracellular recording of PCA motoneurons should allow more detailed morphological, 
electrophysiological, and immunohistochemical information to be obtained, to thereby identify some of the factors responsible for 


maintaining normal function of the PCA muscle. 


KEY WORDS — intracellular recording, posterior cricoarytenoid motoneurons. 


INTRODUCTION 


Motoneurons driving the respiratory pump mus- 
cles are located at various levels along the spinal cord, 
while those controlling airway patency are located 
in the brain stem, primarily in the nucleus ambiguus. 
The ordered firing pattern of these two pools of mo- 
toneurons is responsible for the characteristic rhyth- 
mic and coordinated pattern of respiratory activity. ! 


Laryngeal motoneurons are located in the nucleus 
ambiguus of the ventrolateral medulla in close prox- 
imity to respiratory bulbospinal neurons, and receive 
input from an array of interneurons that modify and 
regulate their activity, thereby controlling the coor- 
dinated activity of the laryngeal musculature. The 
motoneurons responsible for abduction of the vocal 
cords are those controlling the posterior cricoaryte- 
noid (PCA) muscle, which is the sole abductor of 
the larynx. Interneurons imparting respiratcry con- 
trol to these motoneurons are responsible for the char- 
acteristic phasic inspiratory activity of the PCA mus- 
cle, which has been well documented in both ani- 
mals?-!3 and humans. !4-29 


The complex neuronal connections with laryngeal 
motoneurons, including those imparting respiratory 


modulation, are poorly understood, and the specific 
cause responsible for loss of respiratory control is 
unknown. In an attempt to better understand the fac- 
tors responsible for maintaining normal respiratory 
control of the laryngeal muscles, and gain insight 
into possible neurophysiological mechanisms under- 
lying laryngeal dysfunction, we established an ani- 
mal model for intracellular recording from PCA mo- 
toneurons. 


There have been few intracellular studies reported 
in the literature looking specifically at laryngeal mo- 
toneurons.?!-25 Barillot et al?! in 1984 identified la- 
ryngeal motoneurons in cats following stimulation 
of the recurrent laryngeal nerve and classified them 
as inspiratory or expiratory. The response to stimula- 
tion of the superior laryngeal nerve was described, 
and impaled neurons were filled with horseradish per- 
oxidase. In a further study in 1990, Barillot et al22 
reported more detailed electrophysiological data, and 
in particular, demonstrated the presence of chloride- 
dependent inhibitory postsynaptic potentials. Takeda 
and Haji?’ performed a similar study in cats and also 
demonstrated the effects of thiopental on laryngeal 
motoneuron activity. Laryngeal motoneurons were 
recorded intracellularly, stained with horseradish per- 
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oxidase, and studied ultrastructurally by Bras et al 27 
Yajima and Hayashi?‘ identified laryngeal motoneu- 
rons in rats and demonstrated GABA receptor—medi- 
ated inhibition. 


Previous intracellular studies of laryngeal moto- 
neurons have not attempted to selectively identify 
motoneurons of individual laryngeal muscles sup- 
plied by the recurrent laryngeal nerve. Development 
of a model to record specifically from PCA moto- 
neurons creates the opportunity to apply existing 
techniques used to determine neuron morphology, 
electrophysiology, and histochemistry to the study 
of PCA motoneurons, and thereby identify some of 
the factors responsible for maintaining normal laryn- 
geal abductor function. 


By means of a rat model with combined exposure 
of the PCA muscle for focal stimulation and the brain 
stem for microelectrode insertion, intracellular re- 
cordings were made from PCA motoneurons, and im- 
paled neurons were dye-filled to demonstrate mor- 
phology. 


METHODS 


Animal Preparation. Intracellular recordings were 
obtained from 11 motoneurons in 5 adult Sprague- 
Dawley rats (300 to 500 g). Anesthesia was induced 
by intraperitoneal injection of pentobarbital sodium 
(30 mg/kg) and maintained with additional intrave- 
nous doses (3 mg/kg) as required. Cannulae were 
inserted into the femoral vein and artery for drug ad- 
ministration and arterial blood pressure monitoring, 
respectively. Rectal temperature was monitored, and 
a heating blanket and infrared lamp were used to 
maintain temperature at 37°C to 38°C. 


By a dorsal paramedian approach, the scapula was 
retracted laterally to expose the brachial plexus and 
thereby allow identification of the roots of the phrenic 
nerve. A length of phrenic nerve was dissected and 
the nerve was divided distally and prepared for stan- 
dard bipolar recording using silver electrodes. Dis- 
section was then carried medial to the common ca- 
rotid artery to locate the esophagus and trachea. The 
esophagus was divided and the upper end was re- 
flected rostrally to expose the paired PCA muscles. 
The dissection was bathed in mineral oil to prevent 
drying. The marginal mandibular branch of the fa- 
cial nerve was exposed for bipolar stimulation through 
a separate cheek incision. 


A tracheal cannula was inserted and the rat was 
paralyzed with pancuronium bromide (1.0 mg/kg) 
and artificially ventilated with oxygen-enriched air. 
End-tidal carbon dioxide level and endotracheal pres- 
sure were monitored. Additional doses of pancuro- 
nium (0.5 mg/kg) were administered as required to 


maintain the neuromuscular blockade after establish- 
ing that there was no response to noxious stimuli. 


The preparation was mounted in a stereotaxic frame 
that enabled fixation of the skull and spinal column, 
and bilateral pneumothoraces were made to minimize 
transmitted respiratory movement. A posterior fossa 
craniectomy was performed together with the remov- 
al of a portion of parietal and occipital bones to ex- 
pose the brain stem. A cervical laminectomy from 
C1 to C6 was carried out to limit movement of the 
brain stem during recording. The dura was opened. 


Electrophysiology. Phrenic nerve discharge was 
amplified (bandwidth 100 Hz to 3 kHz), full wave 
rectified, and integrated (time constant 50 millisec- 
onds). Mapping of the antidromic field was carried 
out with glass microelectrodes controlled by a PM20H 
piezo-hybrid manipulator (Bachofer, Germany). The 
signal was averaged after 20 to 100 sweeps. A CED 
1401 data acquisition system (CED, Cambridge, Eng- 
land) was used and data were analyzed and pictorially 
represented with Spike 2 (CED) and CorelDRAW! 
(Corel, Canada), respectively. 


The location of the caudal border of the facial nu- 
cleus was mapped by recording the ipsilateral anti- 
dromic field potential obtained by bipolar stimula- 
tion of the marginal mandibular branch of the facial 
nerve to serve as a reference point for rostrocaudal 
localization of the PCA motoneurons. The PCA mo- 
toneurons were mapped by recording the ipsilateral 
field potential following focal bipolar stimulation (4 
to 7 V) of the PCA muscle. The criteria used to con- 
firm antidromic activation of neurons were a fixed 
latency response in an all-or-none manner, a tripha- 
sic (positive-negative-positive) field, and the colli- 
sion of antidromic spikes with spontaneous dis- 
charges. Following preliminary mapping of the ex- 
tracellular field with microelectrodes containing 3- 
mol/L sodium chloride (resistance 1MQ), intracellu- 
lar recordings were obtained with glass microelec- 
trodes (50 to 80 MQ) filled with 1-mol/L potassium 
chloride containing 1% neurobiotin. Neurons were 
included if the membrane potential was more nega- 
tive than —40 mV at its most hyperpolarized point, 
inspiratory activity with a discharge pattern similar 
to that of the phrenic nerve was recorded, and the 
criteria for antidromic activation as described above 
were met. Two neurons were injected with neuro- 
biotin with depolarizing current pulses (4 to 5 nA; 
80% duty cycle 3 to 5 minutes). 


Immunocytochemistry. Rats were perfused through 
the left ventricle of the heart with 200 mL of oxy- 
genated tissue culture medium (Sigma Chemical Co, 
St Louis, Mo; D-8900), followed by 1 L of 4% form- 
aldehyde in 0.1-mol/L phosphate buffer, pH 7.4. The 
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10 ms 


Fig 1. Series of intracellular recordings made from pos- 
terior cricoarytenoid (PCA) motoneuron. Recordings A 
and B, show collision of antidromic response with spon- 
taneous spike. Stimulus has been applied within refrac- 
tory period of spontaneous spike, and antidromic spike 
is cancelled by action potential traveling orthodromically. 
Recording C shows series of intracellular recordings dis- 
playing typical antidromic response. 


brain stem was post-fixed overnight in the same fixa- 
tive. Serial 50-um transverse sections were cut through 
the brain stem and processed to reveal neurobiotin. 
Sections were incubated for 30 minutes in 10% nor- 
mal horse serum (NHS) diluted with immunebuffer 
(IB; 10-mmol/L Tris, 0.9% sodium chloride, 0.05% 
thimerosal, Sigma Chemical Co, St Louis, Mo: T- 
5125, in 10-mmol/L sodium phosphate buffer con- 
taining 0.3% Triton X-100) and then in ExtrAvidin— 
horseradish peroxidase (1:500, Sigma Chemical Co) 
in IB containing 10% NHS for 24 hours. Neurobiotin 
was revealed in the filled neurons by a nickel-intens!- 
fied diaminobenzidine reaction with peroxide being 


| 
| 





Fig 2. Rhythmic changes in membrane potential of PCA 
motoneuron shown with phrenic nerve discharge. 


DIMENSIONS AND LOCATION OF TWO DYE-FILLED 
PCA MOTONEURONS 
Location (mm) 
Dimensions Microma- 
in Length x nipulator 
Width (um) Caudal Lateral Depth Depth 
Neuron l 40x25 1.45 1.50 1.95 2.02 
Neuron2 30x20 0.85 1.40 1.90 2.14 


“Micromanipulator depth” is measurement made using microma- 
nipulator. All other measurements taken from histologic section. 
“Caudal” is distance caudal to caudal pole of facial nucleus, “later- 
al” is distance from midline, and “depth” is distance from caudal 
surface of brain stem. 


PCA — posterior cricoarytenoid. 


generated by glucose oxidase (Llewellyn-Smith et 
al26). All incubations were carried out at room temper- 
ature with gentle agitation, and sections were washed 
in 3 changes of IB after each incubation. Sections 
were mounted onto glass slides, dehydrated, and cov- 
erslipped in DePeX for analysis by light microscopy 
and color photography. Analog images were scanned 
(Kodak Slide Scanner) and saved as tagged image 
file format (TIFF) files. Small changes were made 
in brightness and contrast by Adobe Photoshop ver- 
sion 3,0. Reconstructions were made from serial axial 
sections. 


The animal experimentation in this study was ap- 
proved by the Animal Ethics Committee, Royal North 
Shore Hospital, St Leonards, New South Wales. 


RESULTS 


Eleven PCA motoneurons were identified by their 
antidromic activation, and an example of an intra- 
cellular recording is shown in Fig 1. The resting 
membrane potential was —56 + 11.2 mV (mean + 
standard deviation) and ranged from —44 to —78 mV. 


Depolarization at the onset of phrenic nerve activ- 
ity was rapid. All 11 neurons displayed a typical aug- 
menting discharge pattern with depolarization con- 
tinuing to evolve toward less negative values during 
the entire inspiratory phase, and rapid repolarization 
during the period of declining phrenic nerve activ- 
ity. An example of the rhythmic changes in mem- 
brane potential of a PCA motoneuron is displayed in 
Fig 2. 


Two neurons were injected with neurobiotin, and 
their details are listed in the Table. Photomicrographs 
of a Neurobiotin-filled neuron are shown in Figs 3 
and 4, and a reconstruction is shown in Fig 5. 


DISCUSSION 


The PCA motoneurons recorded intracellularly fol- 
lowing focal stimulation of the PCA muscle all 
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Fig 3. Low-power photomicrograph of rat medulla show- 
ing neurobiotin-filled PCA motoneuron (arrowhead), 


showed a typical inspiratory augmenting discharge 
pattern, which is also characteristic of phrenic nerve 
activity.?7 In a similar study in cats, Barillot et al-- 
identified 16 inspiratory laryngeal motoneurons fol- 
lowing recurrent laryngeal nerve stimulation. Nine 
displayed an augmenting discharge pattern, while in 
the other 7, maximal depolarization occurred before 
the peak of phrenic nerve discharge, giving a bell- 
shaped pattern of depolarization. The membrane rap- 
idly repolarized during the period of declining phren- 
ic activity in all but 2 neurons. The 9 inspiratory aug- 
menting neurons in the study by Barillot et al** dis- 
played a discharge pattern similar to that found in 
PCA motoneurons in this study, and appear to have 
been PCA motoneurons. The other neurons are likely 


Fig 4. High-power photomicrograph of 
neurobiotin-filled PCA motoneuron. 





100 um 


ae 


Fig 5. Reconstruction of PCA motoneuron. 


to be motoneurons of the other laryngeal muscles 
supplied by the recurrent laryngeal nerve that dis- 
play inspiratory activity, 


Previous reports of laryngeal motoneuron morphol- 
ogy based on retrograde labeling studies have shown 
little uniformity. In particular, descriptions of PCA 
motoneuron size in the rat“? differ substantially. 
The 2 neurobiotin-filled PCA motoneurons in this 
study were comparable in size and shape with the 
information obtained following retrograde labeling 
with cholera toxin B subunit in our previously re- 
ported work 21 Similarities also exist with inspira- 
tory neurons of the dorsal respiratory group in cats, 
which are predominantly bulbospinal. Bianchi et al! 


with 4 to 10 primary dendrites oriented along the 
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longitudinal axis, and also noted the morphological 
similarity between laryngeal motoneurons and bulbo- 
spinal neurons. Barillot et al?! identified laryngeal 
motoneurons intracellularly in cats and described an 
almost spherical soma with 5 to 10 dendritic trunks 
and profuse dendritic branching. 


While this study has been limited to the develop- 
ment of a technique for identification of PCA moto- 
neurons to obtain basic morphological and electro- 
physiological information, the technique can be ap- 
plied to the specific study of PCA motoneurons in 
greater detail, employing methods previously de- 
scribed for investigation of laryngeal motoneurons 
in general. Intracellular studies of laryngeal moto- 
neurons have reported the response to supericr laryn- 
geal nerve stimulation,*! effects of negative current 
injection on membrane potential, 25 outcome fol- 
lowing administration of on quantitative ul- 
trastructural information regarding synaptic boutons 
located on the soma and at various sites along the 
dendrites,” and demonstration of GABA ser sitivity 


by microiontophoretic application of GABAergic 
drug- 27 Laryngeal motoneurons have been recorded 
extracellularly, and their sensitivity to serotonin has 
been demonstrated by topical application 27 Double- 
labeling techniques have been used to demonstrate 
serotonin- containing**4 and substance P—contain- 
ing? immunoreactive fibers surrounding retrograde- 
ly ‘labeled I PCA motoneurons. 


Previous intracellular studies of laryngeal moto- 
neurons have not attempted to selectively identify 
motoneurons of individual laryngeal muscles sup- 
plied by the recurrent laryngeal nerve. By means of 
the dorsal approach in the rat model for combined 
exposure of the PCA muscle for focal stimulation 
and the brain stem for intracellular recording, a wide 
range of morphological, electrophysiological, and 
immunohistochemical information can now be ob- 
tained regarding PCA motoneurons in experimental 
animals to document the characteristic mechanisms 
responsible for maintaining normal function of these 
motoneurons. 
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CRICOTHYROID SUBLUXATION: A NEW INNOVATION FOR 
ENHANCING THE VOICE WITH LARYNGOPLASTIC PHONOSURGERY 


STEVEN M. ZEITELS. MD ROBERT E HILLMAN, PHD 
ROSEMARY B. DESLOGE, MD GLEN A. BUNTING, MS 


BOSTON, MASSACHUSETTS 


Laryngoplastic phonosurgery has evolved to become a dominant treatment modality for paralytic dysphonia. Current surgical 
procedures have addressed primarily the position of the musculomembranous vocal fold and the arytenoid in the axial and vertical 
planes. However, dynamic range capabilities and vocal flexibility have been limited secondary to the flaccid, denervated vocal fold 
tissue. Therefore, a new procedure was conceived to enhance the acoustic vocal outcome from operations that reposition the vocal 
edge. Cricothyroid (CT) subluxation was designed as a technique to increase the distance between the cricoarytenoid joint and the 
insertion of the anterior commissure ligament. Cricothyroid subluxation was done without complication in 9 patients who underwent 
combined adduction arytenopexy and medialization laryngoplasty, and in 4 patients with medialization laryngoplasty alone. Postop- 
erative stroboscopic assessment was done in all of the 13 patients, while complete analysis of vocal function was available in 10 of 
the 13 patients: this revealed improvement (as a group} on almost all objective measures over the preoperative state. All patients who 
underwent CT subluxation had a normal maximum frequency range (pitch variation of more than 2 octaves), as compared with 22% 
of a prior similar cohort of patients who did not undergo CT subluxation. All patients who underwent CT subluxation had normal 
glottal airflow and a normal noise-to-harmonics ratio. Cricothyroid subluxation is a relatively easily adjustable procedure that in- 
creases the length and viscoelastic tension of the denervated vocal fold. The modified biomechanical properties resulted in improved 
vocal outcome in all of our patients, which was most remarkable in terms of maximal range capabilities. Cricothyroid subluxation 
enhanced the postoperative voice of patients regardless of whether they required medialization laryngoplasty alone or whether they 
also required adduction arytenopexy. 

KEY WORDS —- adduction, arytenoid, arytenopexy, cricothyroid joint. dvsphonia, Gore-Tex, laryngoplasty, medialization, 
paralysis, phonosurgery. vocal cord. vocal fold, voice. 


INTRODUCTION typically have minimal or unfavorable synkinetic re- 
innervation of the intrinsic laryngeal musculature. 
Isshiki’s classic arytenoid adduction procedure mim- 
ics contraction of the lateral cricoarytenoid muscle 
and achieves rotation of the arytenoid by means of a 
suture that is placed through its muscular process and 
directed anteriorly through the thyroid lamina. How- 
ever, the agonist-antagonist adductor function of the 
other intrinsic muscles (lateral thyroarytenoid, inter- 
arytenoid, and posterior cricoarytenoid) is not simu- 
lated. Therefore, Zeitels et al? designed the adduc- 
tion arytenopexy procedure to model the synchro- 
nous function of the aforementioned musculature. In 
this technique, the arytenoid is positioned on the me- 
dial aspect of the cricoid facet. simulating its normal 
adduction during phonation. An implant is then placed 
lateral to the paraglottic muscles (inner thyroid peri- 
chondrium) to prevent wide excursion of the glottal 
tissues during entrained oscillation. The denervated 
musculature of the paraglottic space is highly suscep- 
tible to the potential closing forces, secondary to Ber- 
noulli’s effect. This fact is utilized to counterbalance 
Patients who require repositioning of the ary:enoid the loss of normal elastic recoil closing forces caused 


Laryngoplastic phonosurgery has emerged as the 
primary surgical intervention for the treatment of 
paralytic dysphonia. Medialization of the musculo- 
membranous vocal fold by means of reconfcrming 
the laryngeal cartilage framework was described by 
Payr’ in 1915. This technique was explored further 
by Meurman,* Opheim,? Waltner,t Miehlke.4 and 
Sawashima et al? in the middle part of this century. 
The landmark investigations of Isshiki et al67 in the 
1970s established a systematic design and organi- 
zation for phonosurgical alteration of the laryngeal 
framework.’ They described a medialization proce- 
dure of the musculomembranous vocal fold with the 
use of a synthetic implant in 19746 and, shortly there- 
after, devised the arytenoid adduction’ procedure to 
treat patients with large glottal gaps secondary to a 
malpositioned arytenoid, These reports catalyzed the 
current paradigm shift from injection techniques to 
laryngoplastic phonosurgery for the treatment of vo- 
cal fold paralysis. 


From the Department of Otology and Laryngology, Harvard Medical School (Zeitels. Hillman. Desloge), and the Division of Laryngology 
(Zeitels, Hillman, Desloge) and the Voice and Speech Laboratory (Zeitels. Hillman. Bunting), Massachusetts Eye and Ear Infirmary. Boston. 
Massachusetts, 
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Fig 1. Procedure. A) 2-0 Prolene suture is affixed to previously mobilized inferior cornu of thyroid lamina. It is then passed 


under anterior cricoid in submucosal fashion. B) Suture is tigi 
Vector force of cricothyroid subluxation suture models cricothyroid contraction. (Reprinted with permission. t") 


by the denervation. Placing the arytenoid in appro- 
priate position posteriorly, prior to the placement of 
an implant, achieves most of the medialization of 
the vocal edge that is necessary for the musculomem- 
branous vocal fold.?:!° 


Observations made from the vocal outcome data 
in patients who underwent adduction arytenopexy 
and medialization laryngoplasty revealed that fairly 
normal conversational-level phonation was achieved.” 
However, there were remarkable limitations in maxi- 
mal range capabilities, especially in frequency varia- 
tion and maximal phonation time. This was thought 
to be secondary to suboptimal viscoelastic tension 
in the denervated vocal fold soft tissues, despite the 
aforementioned improvements in 3-dimensional re- 
positioning of the vocal edge. The need to increase 
viscoelastic tension in the denervated vocal fold, and 
thereby permit aerodynamically efficient entrained 
oscillation, catalyzed the development of the crico- 
thyroid (CT) subluxation procedure. 


MATERIALS AND METHODS 


Operative Technique. The CT subluxation proce- 
dure is done subsequent to adduction arytenopexy 
and/or medialization laryngoplasty.?:!° A medializa- 
tion laryngoplasty is done without an adduction ary- 
tenopexy if there is favorable synkinetic reinnerva- 
tion that results in a well-positioned arytenoid. The 
operative technique for CT subluxation has been de- 
scribed in detail. I so that only the highlights of the 
procedure will be delineated. Unless it is contraindi- 
cated, patients are given 0.2 mg/kg of Decadron 90 
minutes prior to the procedure. We believe that this 
helps to minimize intraoperative swelling, which can 
alter judgment regarding the implant size for medi- 


wened while patient performs number of phonatory gestures, 


alization and the tension of the CT subluxation su- 
ture. A double-pronged skin hook is placed lateral to 
the edge of the thyroid lamina, and is rotated antero- 
medially to define its edge and associated inferior 
cornu. A needle-tipped electrocautery knife is used 
to separate the inferior constrictor from the thyroid 
lamina. The inferior cornu is identified and isolated 
so that the CT joint can be separated with a Mayo 
scissors. Separating the CT joint and the associated 
inferior constrictor muscle from the thyroid cartilage 
allows for further anteromedial rotation of the thy- 
roid lamina. 


The CT subluxation is accomplished by placing a 
2-0 Prolene suture around the inferior cornu of the 
thyroid lamina (Fig 1 A'”). It is then passed in a sub- 
mucosal fashion underneath the cricoid anteriorly. 
The suture is pulled taut (Fig 1B!“ and increases the 
distance between the cricoarytenoid joint and the at- 
tachment of the anterior commissure ligament. This 
maneuver increases the tension and length of the mus- 
culomembranous vocal fold on the paralyzed side, 
thus closely simulating CT muscle contraction, so 
that pitch variation is easily controlled by the opera- 
tor. The tension on this suture is adjusted by using a 
slipknot while the patient performs a number of pho- 
natory gestures. These include maximal range tasks 
such as frequency variation (pulse register [vocal fry) 
through a falsetto register), glissando sliding scales, 
and maximal phonation time. The surgeon selects an 
adequate tension for affixing the suture by ensuring 
that the patient has an appropriate fundamental fre- 
quency (F0) with comfortable conversation-level ef- 
fort, as well as the ability to obtain a falsetto regis- 
ter. 


Vocal Function Measures. All 13 patients under- 
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TABLE 1. RESULTS OF ACOUSTIC ANALYSIS 


Avg Fo Avg SPL Max SPL Max Noise-to- 
Reading Reading Range Max Fo Phonation Jitter Shimmer Harmonics 
(Hz) EI (dB) Range (Hz) Time (el (%) (%) Ratio 

Subjects Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
Male 1 169 159 62 64 47 4l 121-430 63-633 4.5 184 658 2.34 11.93 15.27 0.204 0.178 
2 * J43 70 74 41 SI 121-373 86-544 16 57 * 039 * 3.78 *  QJlI6 
3 157 104 67 72 52 52 85-204 64-419 13.3 36.8 3.00 0.56] 14.13 3.42 0.209 0.126 
4 249 135 68 72 15 72 250-633 86-503 5.1 17.5 * 029 * ISi * 0.134 
5 151 J16 67 69 43 46 94-572 91-605 12.9 20.0 0.70 0.75 347 3.73 0.135 0.158 
Female 1 232 169 56 63 26 43 193-347 132-566 4.2 169 6.13 0.85 12.11 4.20 0.492 0.113 
2 194 183 66 67 31 37 = 160-553 139-660 8.9 14.2 2.51 J.06 6.71 403 0.170 0.117 
3 168 198 62 65 36 47 110-408 129-689 2.8 68 133 1.30 4.79 3.71 0.151 0.140 
4 172 173 65 65 35 47 72-647 66-992 10.9 213 * 141 #* 4,54 * 10437 
5 149 159 63 65 45 £60 115-307 133-543 6.0 13.0 146 1.38 5.53 2.26 0.196 0.113 


Italics indicate that value fell within normal limits. 


Normal values used for comparisons — average FO reeding: males 82 to 145 Hz, females 180 to 240 Hz; average SPL reading: males >70 dB, 
females 268 dB; maximum SPL range 240 dB; maximum FO range 22 octaves; maximum phonation time: males 218 s, females 214 s; jitter 


<1.4%; shimmer 33.81%; noise-to-harmonics ratio <0. 19. 
F0 — fundamental frequency, SPL — sound pressure evel. 
* Acoustic signal was too aperiodic to analyze. 


went preoperative voice assessments. Postsurgical 
stroboscopic evaluations were available in all of the 
13 patients, and complete postoperative objective 
measurements have been obtained thus far on 10 of 
the 13. The objective voice evaluation consisted of 
videolaryngoscopy with stroboscopy, as well as 
acoustic and aerodynamic measurements. The details 
of this protocol have been previously described.? The 
postoperative objective voice evaluations occurred 
within 4 months of the procedure. Long-term data 
are not yet available. 


RESULTS 


Thirteen patients underwent CT subluxaticn with 
other medialization procedure(s): 9 of the 13 had ad- 
duction arytenopexy and implant medializatior. laryn- 
goplasty, and 4 of the 13 had medialization laryngo- 
plasty alone. The medialization of the musculomem- 
branous vocal fold was done with Gore-Tex in the 
majority of cases.!°-!2 Most patients were discharged 
on the first postoperative day. The CT subluxation 
was complication-free and was typically done in un- 
der 10 minutes, since the exposure had already been 
obtained for the other procedures. 


Acoustic Assessment. Results for acoustic assess- 
ment of oral reading (average Fo and sound pressure 
level [SPL]), maximum phonation tasks (FO range, 
SPL range, and phonation time), and sustained vow- 
els (jitter, shimmer, and noise-to-harmonics ratio 
[NHR]) are shown in Table 1 for the 10 patients who 
underwent both presurgical and postsurgical evalua- 
tion. Presurgically, 8 of the 10 patients displayed an 
abnormal average Fo for reading, and 9 had an ab- 


normally low average SPL. Postsurgically, 8 patients 
showed improvement in average FO (ie, migration of 
values toward the normal range), with 6 attaining nor- 
mal values, while 9 displayed increases in average 
SPL, with 3 attaining a normal level. 


For maximum phonation tasks, presurgical mea- 
sures showed 5 of the 10 patients to have reduced 
maximum SPL ranges, 8 to have reduced maximum 
Fo ranges, and all 10 to have reduced maximum pho- 
nation times. Postsurgically, 8 of the 10 patients dis- 
played increases in maximum SPL ranges, with all 
10 showing increases in both maximum Fo ranges 
and maximum phonation times. Nine patients 
achieved normal postsurgical maximum SPL ranges, 
with all 10 demonstrating normal maximum FO 
ranges, and 6 having normal maximum phonation 
times. Of the 4 patients who did not have normal 
maximum phonation times, 2 were within 1 second 
of a normal maximum phonation time, and the other 
2 were 82 and 86 years old. 


Presurgically, 3 of the 10 patients had voices that 
were too aperiodic to analyze, with 5 of the remain- 
ing 7 having abnormal jitter values, 6 displaying ab- 
normal shimmer values, and 5 having abnormal NHR 
values. Postsurgically, all 10 patients displayed ana- 
lyzable voice signals, with 8 having normal jitter val- 
ues, 6 having normal shimmer values, and all 10 dem- 
onstrating normal NHR levels. 


Aerodynamic Assessment. Results for aerodynamic 
testing are shown in Table 2. Presurgically, 4 of the 
10 patients displayed abnormally high average air- 
flow rates, and 7 had abnormally high subglottal pres- 
sure values. Postsurgically, all 10 patients had air- 
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TABLE 2. RESULTS OF AERODYNAMIC ANALYSIS 


Subgiottal Sound 
Average Pressure Pressure 
Flow (Lis) (cm H20) Level (dB) 
Subjects Pre Post Pre Post Pre Post 
Male 1 054 015 105 11.1 70.3 78.2 
2 0.98 0.29 21.8 8.9 842 82.8 
3 O18 O41 8.9 8.6 71.0 778 
4 164 010 162 116 778 79.8 
5 028 O18 10.0 7.3 833 765 
Female 1 0.23 0.10 4.8 7.6 63.2 69.0 
2 010 O45 6.9 9.1 78.0 64.5 
3 040 0.27 5.9 94 62.8 70.5 
4 Oll O18 8.2 6.5 67.2 68.2 


5 OI) 0.15 12.3 55 60.7 71.8 
Italics indicate that value fell within normal limits. 


Normal values used for comparisons — average flow: males <0.32 
Lis females <0.28 L/s; subglottal pressure 3.3 to 8.1 cm H20; sound 
pressure level 72.3 to 79.6 dB. 


flow rates that fell within the normal range, with 6 
showing a reduction in subglottal pressure, and 4 
achieving subglottal pressures that were within the 
normal range for voice produced at a comfortable 
level. 


Given the strong relationship between subglottal 
pressure and SPL, it is more meaningful to assess 
estimates of subglottal pressure relative to SPL.) 
Thus, presurgical and postsurgical subglottal pres- 
sure values for individual patients are plotted versus 
SPL in Fig 2.!3 Also shown for comparative purposes 
are the linear regression line and associated 90% con- 
fidence interval generated for data from a group of 
normal speakers.!> Presurgically, the data values for 
all 10 patients fell above the normal confidence in- 
terval, indicating that higher-than-normal pressures 
were used by all patients to attain their measured SPL 
values. Postsurgically, data values migrated toward 
the normal interval for 5 patients, stayed at approxi- 
mately the same distance from the normal interval 
for 2 patients (ie, changes between presurgical and 
postsurgical values ran essentially parallel to the nor- 
mal interval), and moved further away from the nor- 
mal interval for 3 patients. None of the postsurgical 
values decreased sufficiently to fall within the nor- 
mal confidence interval. 


Visual Assessment by Videolaryngoscopy With 
Stroboscopy. Preoperative examination during nor- 
mal respiration revealed arytenoid corniculate hood- 
ing in 9 of the 13 patients; this was an indication of 
internal rocking and inferior displacement. All 13 pa- 
tients demonstrated lateral arytenoid displacement 
in the horizontal plane, as well as bowing, and no 
epithelial lesions were noted. 


In 12 of the 13 subjects, a glottal gap extended 
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Fig 2. Subglottal air pressure measurements for individual 
patients versus sound pressure level for presurgical and 
postsurgical (indicated by “P” preceding patient’s identi- 
fication) assessments. Also shown is linear regression line 
and associated 90% confidence interval based on data 
from group of normal speakers.'3 


from the intercartilaginous region into the musculo- 
membranous region. Seven of the 13 had a very wide 
glottal chink (gap) encompassing most of the muscu- 
lomembranous vocal fold, such that phonatory tasks 
resulted in an aperiodic flutter vibration with severe 
impairment of mucosal wave propagation. 


Postoperatively, in all patients, 1) glottal closure 
was complete in the musculomembranous region, 2) 
hooding of the corniculate region was reduced, 3) 
the lateral displacement that was noted in the axial 
plane was improved dramatically, and 4) improve- 
ment was seen in the contour of the musculomem- 
branous vocal fold, with almost complete resolution 
of bowing. 


DISCUSSION 


Cricothyroid subluxation was designed as an eas- 
ily adjustable procedure to enhance the vocal outcome 
of other laryngoplastic phonosurgical procedures. It 
extends the normal vocal fold length and dramati- 
cally increases the viscoelastic tension of the dener- 
vated musculomembranous region. This is unlike all 
prior operations, which were designed primarily to 
treat paralytic dysphonia by repositioning the vocal 
fold edge.®?.!4.15 Prior procedures that altered the 
tension and length of the vocal fold were conceived 
to modify pitch rather than to treat paralytic dyspho- 
nja.®16-18 The CT subluxation suture (Fig 1) simu- 
lates CT muscle contraction, produces counterten- 
sion on the thyroarytenoid muscle, and increases the 
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TABLE 3. COMPARISON OF RESULTS BY PROCEDURE 


% Abnormal % Improved % Tdormal 
Presurgery Pastsurgery ` Postsurgery 
AA AA AA 
and/or and/or and/or 
ML + ML + ML + 
AA+ CT AA+ CT AA+ CT 
Measures ML Sub ME Sub ME Sub 
Average Fo 
reading 67 80 4d 80 56 60 
Average SPL 


reading 78 90 78 90 56 30 


Maximum 
SPL range 67 50 67 80 78 90 


Maximum Fo 


range 78 80 33 100 22 100 
Maximum 

phonation 

time 100 100 100 100 44 60 
Jitter 89 80 89 100 67 80 
Shimmer 100 90 89 90 22 60 
Noise-to- 

harmonics 

ratio 100 70 100 80 67 100 
Average flow 56 40 56 40 89 100 
Subglottal 


pressure 89 70 78 60 0 40 


Comparison is of results for patients who had adduction arytenopexy 
(AA) and medialization laryngoplasty (ML)? with results for patients 
who had new cricothyroid subluxation (CT Sub) procedure as well 
as ML, alone or combined with AA. 


length of the musculomembranous vocal fold.!° In 
the present study, CT subluxation was relativ2ly easy 
to perform, was free from complications, and im- 
proved the acoustic outcome of the other laryngo- 
plastic phonosurgical procedures. 


A comparison of acoustic and aerodynamic results 
from an earlier study? of patients who had undergone 
adduction arytenopexy and medialization laryngo- 
plasty with the results from the current study (new 
subluxation procedure, as well as medializazion lar- 
yngoplasty alone or combined with adduction aryte- 
nopexy) is shown in Table 3.? These two studies dis- 
played comparable percentages of patients who had 
abnormal presurgical measurement values. Pastsurgi- 
cally, there was a higher percentage of patients in the 
present study who displayed both postsurg-cal im- 
provements and the attainment of normal measure- 
ment values, as compared to the group of patients 
who had undergone adduction arytenopexy ard medi- 
alization laryngoplasty in the previous study. 


Most noteworthy was the observation that all 10 
patients in the present study displayed normal maxi- 
mum FO ranges, as compared to only 2 (22%) pa- 
tients who attained normal (reliable) Fo ranges in the 
previous study. (Note: patient performance cf maxi- 
mum FO range tasks was so variable and unreliable 


that the actual data values were not reported in the 
previous study.) Additionally, all patients approached 
a normal maximal phonation time, except the 2 old- 
est individuals. They did improve substantially, and 
we suspect that normative data for individuals over 
80 would reveal figures closer to these subjects’ re- 
sults. 


It is not clear to what extent high postsurgical sub- 
glottal pressures are due simply to the persistence of 
presurgical hyperfunctional behaviors, or if the sur- 
gically altered laryngeal mechanism requires higher 
pressures to produce as normal an acoustic output as 
possible. We are currently in the process of trying to 
determine this by giving postsurgical patients voice 
therapy in an attempt to reduce the driving pressures 
while maintaining voice quality and flexibility. 


The adduction arytenopexy resulted in improve- 
ments in a number of objective measures of vocal 
function. This procedure simulates normal glottal clo- 
sure by reproducing the synchronous adductor con- 
tractile characteristics of the lateral cricoarytenoid, 
interarytenoid, lateral thyroarytenoid, and posterior 
cricoarytenoid muscles. However, vocal outcome 
measures revealed limitations in maximal range tasks, 
especially dynamic frequency range (Table 3). This 
finding was most likely due to persistent flaccidity 
of the denervated thyroarytenoid musculature. Both 
Isshiki’s’8 and Zeitels’? arytenoid adducting tech- 
niques separate the CT joint to expose the cricoary- 
tenoid joint. During a collaborative cadaver dissec- 
tion, R. Sataloff (personal communication, 1997) ob- 
served that separation and destabilization of the ip- 
silateral CT joint impairs the function of the contra- 
lateral CT muscle. On the basis of a similar observa- 
tion, other authors have exposed the cricoarytenoid 
joint during arytenoid adduction by removing a pos- 
terior window of the thyroid lamina and leaving the 
CT joint intact. !9 


Clinical observations revealed that after the CT 
joint was opened, the inferior cornu of the thyroid 
lamina became retrodisplaced with relation to the cri- 
coid. This meant that the previously fixed vocal fold 
length was shortened, and the tension of the thyro- 
arytenoid muscle was reduced. Essentially, there was 
a decrease in the normal distance between the crico- 
arytenoid joint and the insertion of the anterior com- 
missure tendon into the thyroid lamina. 


We believe that the foreshortening of the paralyzed 
vocal fold, induced by separating the CT joint, led to 
compensatory hyperfunctional foreshortening of the 
normal vocal fold. This hyperfunctional adaptation 
occurs to align the vocal processes — an alignment 


- that is a prerequisite for normal entrained oscillation 


during phonation. The decreased phonatory length 
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of both vocal folds and the decreased viscoelastic 
tension of the paralyzed vocal fold resulted in limita- 
tions in acoustic maximal range capabilities (Table 
3). Despite the fact that the paralyzed vocal fold was 
surgically placed under higher tension (than its pre- 
operative state) after CT subluxation, almost all pa- 
tients could reach a lower frequency (Table 1). This 
paradox is probably explained by the fact that the 
postsubluxation-lengthened vocal fold reduces con- 
tralateral vocal fold hyperfunction. 


The CT subluxation procedure was designed to 
rectify these mechanical impediments, which were 
partially precipitated by disruption of the CT joint 
during laryngoplastic phonosurgical correction of 
paralytic dysphonia. The CT subluxation also im- 
proved the vocal outcome of those patients who did 
not require an arytenoid procedure (because of some- 
what favorable synkinesis). In both scenarios, the ob- 
jective measures reflect that CT subluxation improved 
the aerodynamic efficiency of the glottal valve, with 
a commensurate enhancement of the maximal range 
acoustic characteristics of the voice (Table 3). Sub- 
jective perceptions revealed that most patients dem- 
onstrated a register transition between modal and fal- 
setto, an observation not previously reported. We are 
currently developing measurement approaches to 


demonstrate this passagio. 


CONCLUSIONS 


| 

The CT subluxation procedure is an easily adjust- 
able method of increasing the tension and length of 
the paralyzed vocal fold. It is the first vocal fold pa- 
ralysis procedure that is primarily designed for this 
purpose rather than to reposition the vocal fold edge. 
The suture simulates contraction of the CT muscle. 
In the present study, CT subluxation was easy to per- 
form, was unassociated with complications, and en- 
hanced laryngoplastic procedures that medialize the 
arytenoid and/or musculomembranous vocal fold. 
Objective measures of vocal function revealed that 
all patients achieved normal dynamic pitch variation, 
glottal airflow, and NHR. With the addition of the 
CT subluxation procedure to the armamentarium of 
the phonosurgeon, all parameters for static recon- 
struction of the paralyzed vocal fold have been ad- 
dressed. Long-term analysis (>6 months) is neces- 
sary to confirm the efficacy of these encouraging re- 
sults. This caveat notwithstanding, future develop- 
ments for treatment of paralytic dysphonia should 
lie primarily in dynamic reconstruction (reinnerva- 
tion and electrical pacing) of the intrinsic laryngeal 
musculature. i 
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MOTOR INNERVATION OF THE HUMAN CRICOPHARYNGEUS 
MUSCLE 


CLARENCE T. SASAKI, MD YOUNG-HO KIM, MD 
H. STEVEN SIMS. MD AGNES CZIBULKA, MD 


NEW HAVEN, CONNECTICUT 


Innervation of the human cricopharyngeus muscle remains historically controversial and unclear, encouraging numerous treat- 
ments inconsistently designed to pharmacologically or mechanically alter the contractile state of this muscle. Neuroanatomic contro- 
versy results from and is perpetuated by 1) use of nonhuman models. 2) observational misinterpretation of small-diameter, overlap- 
ping nerve fibers, and, most importantly, 3) lack of real-time verification of neural projections. We sought to overcome these difficul- 
ties by performing microdissections in 27 patients undergoing laryngectomy and using real-time electromyographic verification. We 
demonstrated (7 dual ipsilateral innervation by the pharyngeal plexus and recurrent laryngeal nerve, 2) segmental projection of the 
recurrent laryngeal nerve to anterior motor units, 3} pharyngeal plexus projection to posterior motor units, 4) absence of a sympa- 
thetic or external superior laryngeal nerve contribution, and 5) absence of contralateral innervation, Such dual ipsilateral innervation, 
segmentally projected, has not been previously described in any other form of neuromuscular organization, Neuroanatomic accuracy 
should improve diagnostic and therapeutic strategies for future management of pharyngeal dysphagia. 


KEY WORDS — cricopharyngeus muscle. electromyography. motor innervation. 


INTRODUCTION tation of small-diameter, overlapping nerve fibers, 
Of all the neuromuscular units essential to normal caused in part by 3) lack of real-time validation of 
swallowing, none surpass the human cricopharyn- motor projections. 


geus muscle (CPM) in capturing our scientific curi- 
osity and clinical imagination. The innervation of this 
muscle unit remains especially mysterious, often mis- 
interpreted and controversial. Lack of clarity has al- 
ready encouraged numerous treatments, inconsistent- 
ly intended to pharmacologically or mechanically al- 
ter its contractile state. Understandably, clinical bene- 
fits have remained inconsistent at best. 


In defining motor control of the CPM, most inves- 
tigators implicate an innervating network of small- 
diameter fibers constituting what is termed the pha- 
ryngeal plexus (PP) of the vagus nerve. Such inner- 
vation was first described in part in the dog by Le- 
mere’ in 1932 and confirmed by Lund and Ardran® 
in 1964. Sprague? described this relationship in mon- 
keys and humans in 1944, while Mu and Sanders! 

As an anatomic entity, the CPM represents a dor- elegantly reconfirmed it in humans in 1996, 
sal midline structure, bilaterally arising from the lat- 
eral laminae of the cricoid cartilage, and, with the 
posterior cricoid lamina, encircling the entrance of 
the esophagus (Fig |). Physiologically, its baseline 
tonic contraction gives way to a brief inhibitory state 
preceding the passage of a swallowed bolus, followed 
by a burst of contraction during the height of swal- 
low.'* It notably exhibits phasic contraction during 
the inspiratory portion of the respiratory cycle in the 
dog." and contraction during phonatory effort in the 
cat and dog.>-6 


Anterior 


Posterior 





A focused review of the literature shows that neu- 


` d ‘ig 1. Schematic drawing demonstrating axial relation- 
roanatomic controversy results from and is perpetu- Fig l. Schematic drawing demonstrating axial re 


ship of cricoid cartilage (C) to cricopharyngeus muscle 


ated by the following historical choices: 1) use of (CPM) and esophagus (E). Anterior and posterior por- 
nonhuman models and 2) observational misinterpre- tions of CPM are indicated. 
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Alternatively, Hollinshead!' in 1954 suggested the 
CPM was innervated by terminal branches of the re- 
current laryngeal nerve (RLN). This observation was 
in part further supported | in 1948 by Hwang et al!? in 
the monkey, rat, and guinea pig, and was supported 
in humans by Rustard and Morrison, !? Steinberg et 
al,!4 and Mu and Sanders. !® 


Further, there were a number of thoughtful ob- 
servors who suggested the CPM was also innervated 
by the terminal external division of the superior la- 
ryngeal nerve (eSLN). Sprague” described it in the 
monkey and dog, Hwang et al!’ in the monkey, rat, 
and guinea pig, and Hollinshead!! in humans. 


More controversially, a group of coworkers from 
our laboratory had implicated possible sympathetic 
innervation, suggesting that CPM function was at 
least under partial autonomic motor control. As early 
as 1939, Sjoberg!* suggested that sympathetic stimu- 
lation produced CPM contraction, whereas choliner- 
gic stimulation brought CPM relaxation in cats. A 
rationale for this position was supported 4 years ear- 
lier, when Rogers!® reported relief of dysphagia in a 
woman on whom he performed bilateral cervical 
sympathectomies. The role of cervical sympathetic 
innervation was further strengthened by Kirchner’s!’ 
canine model that received the Triological Society's 
Mosher Award in 1958 and was again confirmed by 
Murakami et al! in the cat model in 1972. 


To add to the controversy, Lund and Ardran,* as 
well as Murakami and Kirchner,® rejected RLN inner- 
vation in the dog and cat, respectively, w while Hollins- 
head?! rejected a sympathetic supply in humans. Oth- 


ers then questioned and rejected the possibility of 


crossed innervation. II 


Thus, from a focused review of the literature, the 
critical student will find the CPM curious, challeng- 
ing, and mysterious. Is it possible that the CPM may 
not be innervated by a single nerve, but by several? 
Is it conceivable that it could be cross-innervated or 
that at least part of its function is governed by auto- 
nomic motor control? The succeeding effort is in- 
tended to clarify the motor innervation of the human 
CPM, enhance our appreciation of its form and di- 
verse functions, and, hopefully, reduce the mystery 
of its role in clinical laryngology. 


MATERIALS AND METHODS 


Again, a review of the literature shows that sev- 
eral sources of confusion may have contributed to 
neuroanatomic controversy: |) use of nonhuman 
models, 2) observational misinterpretation of small- 
diameter, overlapping nerve fibers, and 3) lack of 


A3 
bp 


real-time validation of motor projections. 


We sought to overcome these difficulties by E 
forming microdissections in a total of 27 patients (22 
male, 5 female) undergoing total laryngectomy Gs 
T3 or T4 endolaryngeal cancer and by using real- 
time electromyography (EMG) verification of mo- 
tor nerve projections. Patients were maintained at | 
MAC (minimal alveolar concentration) isoflurane an- 
esthesia without chemical muscle relaxation. The 
core body temperature was carefully stabilized at 
38°C with a warming blanket. In accordance with 
institutional review requirements, this project was 
approved by the Yale Human Investigation Commit- 
tee (protocol #10089). 


Protocol 1. CPM Innervation With EMG Valida- 
tion. In the first subgroup of 9 patients (7 male. 2 
female), careful microdissections of the PP, RLN, 
EE ano EE E were EE 
projections, a Beie Teflon- aed ate 
stainless steel electrode was used to stimulate each 
isolated nerve while EMG recordings of the CPM 
were accomplished bilaterally with bipolar plaunum 
iridium electrodes (0.3 mm diameter, 25 k&2). An 
XLTEK Neuromax provided the capability of neural 
stimulation while recording compound M-wave po- 
tentials on-line and in real time, M-waves represent- 
ing muscle potentials produced by directly stimulat- 
ing the muscle’s motor nerve. This method also pro- 
vided storage capability for later off-line data analy- 
ses. Stimulation parameters consisted of single-shock 
rectangular waves of 0.5 to 4.0 mA and (Q.1-milli- 
second pulse duration, with maximal stimulus oe 
tudes restricted in this protocol to less than 1.0 mA 
when possible. 


Protocol 2. Effect of Sequential Denervation on 
Tonic CPM Activity. In an additional subgroup of 9 
patients (8 male, | female), the effect of sequential 
CPM denervation on tonic spontaneous activity was 
ascertained. Resting EMG provided an opportunity 
to compare spike densities measured immediately be- 
fore and after PP section followed by RLN section. 
These observations were accomplished to confirm 
the specific neural bases of CPM innervation identi- 
fied in protocol 1. 


Protocol 3. Mapping of Neural Projections to 


CPM. in a subsequent subgroup of 6 patients (5 male, 
| female), the relative topographic composition of 
RLN/PP motor unit ratios was assessed by compar- 
ing M-wave amplitudes at threshold from 2 separate 
locations on the CPM: anterior and posterior (Fig 
|). Us Taye E Jo: e E of SE 
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Fig 2 . Operative dissection of Se side of patient’s neck. A) Dënn view as ene Giles rel; E ar external division 
of superior laryngeal nerve ( (eSLN) and internal branch of superior laryngeal nerve (SLN) to pharyngeal plexus (PP). Note 
positions of cricopharyngeus muscle (CPM). esophagus (E), and trachea (T). B) Magnified view demonstrates that eSLN and 
PP are distinct and separate nerves. 


to CMAP amplitudes derived when they were stimu- 
lated simultaneously provided a means for topograph- 
ic assessment of relative RLN/PP contributions in 
each muscle location. That is to say, the ratio of CMAP 
amplitude produced by RLN stimulation to the sum 
of amplitudes produced by sequential RLN and PP 
stimulation provided an estimation characterized by 
the ratio (expressed in percent) of RLN-innervated 
muscle fibers to total muscle fibers in any specified 
location of the CPM. Conversely, the ratio of CMAP 


amplitude produced by PP stimulation to the sum of 


amplitudes produced by sequential RLN and PP stim- 
ulation likewise provided an estimation character- 
ized by the ratio or percentage of PP-innervated mus- 
cle fibers to total muscle fibers in any given location 
of the CPM. Mathematically expressed, [A/(A + B)] 
x 100 = %A, and [BAA + B)] x 100 = %B. This ra- 
tionale was based on the assumption that the ampli- 
tude of the CMAP reflects the number of muscle fi- 


ma 


D 
/ 
H 
| 
A 
} 
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bers activated by nerve stimulation and represents 
the sum of amplitudes of those individual muscle fi- 
bers. 


Protocol 4. Histochemical Mapping of CPM Fi- 
ber Types (Myofibrillar ATPase). In a final subgroup 
of 3 patients (2 male, | female), muscle histochem- 
istry was performed to determine the relative com- 
positions of type I and type II fibers in the anterior 
compartment of the CPM as compared to its poste- 
rior compartment for correlation against the topo- 
graphic EMG analyses obtained in protocol 3. The 
CPM samples from each topographic location were 
sectioned at 10 um, post fixed in methanol-free for- 
malin, and immersed in 0.1-mol/L Tris—hydrochlo- 
ric acid buffer containing 0.018-mol/L calcium chlo- 
ride, pH 10.2. After rinsing, sections were then im- 
mersed sequentially in 2% cobalt nitrate and 0.5% 
ammonium sulfide. After counterstaining in methyl 
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Fig 3. Compound muscle action potential (CMAP) of CPM produced by stimulation of A) right PP and B) left PP. | — Right 
CPM; 2 — left CPM. Note large-amplitude CMAP in ipsilateral CPM when either right or left PP is maximally stimulated. 
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Fig 4. Maximal stimulation of right eSLN produces no 
M-wave in either right (1) or left (2) CPM. 


green, sections were mounted and examined. The 
number of pale type I fibers and the number of dark 
type II fibers per high-powered field were averaged 
from 8 nonoverlapping microscopic fields per muscle 
sample. 7 


RESULTS 


Protocol 1. CPM Innervation With EMG Valida- 
tion. Due to relatively large fiber diameters, identifi- 
cation of the RLN and cervical sympathetic fibers 
was not as technically demanding as the identifica- 
tion of the PP and eSLN. In contrast, the spatial rela- 
tionship of the PP to the eSLN in the 9 subjects re- 
quired more meticulous microdissection under 6x 
magnification, due, in part, to much smaller fiber size. 
In our experience, positive identification of each 
nerve could not have been accurately accomplished 
without real-time EMG validation, since their spa- 
tial relationships involved 3-dimensional overlap 
above the level of C2. Our dissections distinctly dem- 


J 





Fig 5. Maximal stimulation of right sympathetic nerve 
produces no M-wave in either right (1) or left (2) CPM. 


onstrated the eSLN and PP as separate entities de- 
spite their overlapping proximity to each other (Fig 
2). Single-shock maximal stimulation of the PP at 
1.0 mA reliably produced a large-amplitude 1.0-mV 
CMAP in the mid-portion of the ipsilateral CPM (Fig 
3). On the other hand, no M-wave was observed with 
up to 4.0 mA stimulation of the eSLN or sympathetic 
plexus (Figs 4 and 5). Maximal stimulation of the 
RLN produced lower-amplitude 0.5-mV CMAPs in 
the mid-portion of the ipsilateral CPM (Fig 6). (Due 
to the proximity of the surgically exposed RLN to 
the CPM, often less than 5 mm apart, control stimu- 
lation of adjacent non-neural paratracheal tissue was 
performed and showed no measurable CPM M-wave 
potential, thus eliminating the possibility of direct 
current spread to the CPM during RLN stimulation.) 
Itis also important to note that no contralateral CMAP 
was produced with maximal or supramaximal stimu- 
lation of any nerve, which thus also eliminated the 
suggestion that the CPM may be cross-innervated. 


B 
Fig 6. CMAP of CPM produced by stimulation of A) right recurrent laryngeal nerve (RLN) and B) left RLN. 1 — Right 
CPM; 2 — left CPM. Note lower-amplitude CMAP in ipsilateral CPM when either right or left RLN is maximally stimu- 


lated. 
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Fig 7. Spontaneous CPM spike activity seen A) at taseline, B) after pharyngeal nerve is sectioned, and C) after both pharyn- 


geal nerve and RLN are sectioned. 


Rather, these data suggest dual ipsilateral innerva- 
tion of the CPM by both the PP and the RLN. 


Protocol 2. Effect of Sequential Denervation on 
Tonic CPM Activity. With recording electrodes posi- 
tioned at the mid-portion of the CPM (Fig 7), the 
tonic spike density was calculated at baseline and 
compared to spike counts resulting after section of 
the PP. All spikes with amplitudes over 50 uV were 
counted and averaged over 4 sample intervals or ep- 
ochs, each sample width measuring 1.0 second. Ina 
typical patient, the average CPM spike count was 
10.25 before nerve section, and the average spike 
count was 7.33 after ipsilateral PP section (p = .270; 
Table 1). When the ipsilateral RLN was additionally 
sectioned, the average spike count in a typical pa- 
tient was 0.0; when it was compared to the average 


TABLE 1. EFFECT OF SEQUENTIAL DENERVATION 
Spikes per 
Second 
Spontaneous activity? 21 
4 
Se 


Average 10.25 
PP section? 8 


Average 7.33 
RLN section® 


Average 
a versus b, p = .2703. 
b versus ce, p = .0010. 
PP — pharyngeal plexus, RLN — recurrent laryngeal nerve. 


spike count of 7.33 obtained after PP section alone, 
the resulting p value was .001. Similar findings were 
observed in all 9 subjects. Therefore, in any given 
patient after PP section alone, the spike density de- 
creased, but did not produce a statistically signifi- 
cant difference from the control. Statistical signifi- 
cance was only achieved after additional ipsilateral 
RLN section was accomplished, confirming dual ip- 
silateral innervation by both the PP and the RLN. 


Protocel 3. Topographic Mapping of Neural Pro- 
jections to CPM. In 2 initial subjects, the peak-to- 
peak CMAP amplitude obtained at threshold from 
simultaneous RLN and PP stimulation appeared to 
correlate with the sum of amplitudes obtained when 
PP and RLN stimulation occurred sequentially (Table 
2). This observation formulated the basis for an as- 
sumption that the ratio of CMAP amplitude produced 
by RLN stimulation to the sum of amplitudes pro- 
duced by sequential RLN and PP stimulation pro- 
vided an estimation characterized by the ratio (ex- 
pressed in percent) of RLN-innervated muscle fibers 
to total innervated muscle fibers in any specified lo- 
cation of the CPM. Conversely, the ratio of CMAP 
amplitude produced by PP stimulation to the sum of 


TABLE 2. EFFECT OF SEQUENTIAL RLN AND PP 
STIMULATION COMPARED TO SIMULTANEOUS 


RLN AND PP STIMULATION 
CMAP (mY) 
Patient A Patient B 

RLN stimulation alone 152.6 104.9 
PP stimulation alone 2,222.9 2,033.7 
Sum 2,375.5 2,138.6 
Simultaneous RLN and PP 

stimulation 2,324.2 2,142.3 


CMAP — compound muscle action potential. 
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Barten erior CPM ? 

No. Sex Age RLN Stimulation PP Stimulation RL N Stimulation PP: Simulan jon 
i F 65 0, 163 ( 89, 31%) 0, 020 CC 1.69%) 0 043 ( 10. 64%) E? 361 (89. 36% 
2 M 52 0.222 (65.49%) 0.103 (34.51%) 0.164 (8.06%) 1.870 GE 
3 M 66 0.255 (13.99%) 1.567 (86.01%) O.101 (4. 525%) 2.133 (95.48% 3 
4 Mol 0.117 (28.19%) 0.404 (71.81%) 0.031 (4.34%) 0.683 (95 66% } 
5 M 5i 0.066 (13.41%) 0.426 (86.59%) 0.054 (12.82%) 0.459 (87.18%) 

) 


6 M 45 0.149 (32.39% 
Data are millivolts. 
C PM - —- — cricophary ngeus s musele. 
amplitudes produced by sequential RLN and PP stim- 
ulation likewise provided an estimation character- 
ized by the ratio or percentage of PP-innervated mus- 
cle fibers to total innervated muscle fibers in any giv- 
en location of the CPM. Mathematically expressed, 
[A/(A + B)] x 100 = %A, and [BAA + B)] x 100 = 
%B. Therefore, in 6 additional subjects, topographic 
mapping of neural projections in the anterior CPM 
could then be compared to mapping of those in the 
posterior CPM (Table 3). 


Two distinct subpopulations of subjects emerged. 
One group (patients | and 2) exhibited predominantly 
RLN muscle fibers anteriorly, whereas the other group 
(patients 3 through 6) exhibited predominantly PP 
fibers anteriorly. However, in either case, the percent- 
age of RLN-innervated muscle fibers decreased from 
anterior to posterior, whereas the percentage of PP- 
innervated muscle fibers increased from anterior to 
posterior. 


Protocol 4. Histochemical Mapping of CPM Fi- 
ber Types. In 4 sample sides, obtained from 3 pa- 
yI p 


tients, a comparison of type I and type H CPM fiber 


composition was evaluated anteriorly and posterior- 
ly by muscle histochemistry (Fig 8). No clear mosa- 
ic pattern emerged to correlate fiber composition with 
the topographic patterns suggested by EMG, in that 
anteriorly, type II fibers predominated in 3 of 4 sides, 


O.311 (67.61%) 


0.092 (20.28%) 


0.495 (79.72%) 


and posteriorly, type H predominated in all 4 sides 
(Table 4). 


DISCUSSION 


These data uniformly and exclusively demonstrate 
dual ipsilateral CPM innervation by both the PP and 
the RLN. However, topographic electrophysiologi- 
cal analysis distinguishes 2 separate mosaic patterns 
of neural projections. That is to say, in the first group, 
RLN-innervated muscle fibers predominate anteri- 
orly, whereas in the larger, second group, PP-inner- 
vated muscle fibers seem to predominate anteriorly. 
However, in both groups, the percentage of RLN mus- 
cle fibers decreases from anterior to posterior. while 
PP muscle fibers increase from anterior to posterior. 
Such topographic distribution of motor units, not sur- 
prisingly, correlates with the respective cntry sites 
of the RLN (anteriorly) and the PP (posteriorly) into 
the CPM (Fig 9). That intramuscular neural arboriza- 
tion is greater proximally than distally is again con- 
sistent with this observation. Although there was a 
poor correlation seen by histochemistry that may be 
related to sample size, the heterogeneous composi- 
tion of muscle fiber types, respectively innervated 
by the RLN and PP, may truly reflect a generalized 
neuromuscular heterogeneity characteristic of all 
pharyngeal muscles. 





Fig 8. Typical ATPase histochemical profile of A) anterior and B) posterior portions of CPM. No obvious gross differences are 
noted. 
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Side Type I Fibers Type Il Fibers 
i 10 (21.7%) 36 (78.3%) 
4 (13.8%) 25 (86.2%) 
7 (17.5%) 33 (82.5%) 
17 (26.6%) 47 (73.4%) 
15 (26.3%) 42 (73.7%) 
18 (21.7%) 65 (78.3%) 
15 (17.2%) 72 (82.8%) 
11 (14.1%) 67 (85.9%) 
Average 19.9% 80.1% 
2 15 (51.7%) 14 (48.3%) 
33 (68.8%) 15 (31.3%) 
52 (82.5%) 11 (17.5%) 
51 (83.6%) 1) (16.4%) 
21 (56.8%) 15 (43.2%) 
32 (74.4%) 11 (25.6%) 
49 (87.5%) 7 (12.5%) 
31 (72.1%) 12 (27.9%) 
Average 74.7% 25.3% 
3 60 (54.1%) 3 (45.9%) 
61 (49.2%) 63 (50.8%) 
62 (53.4%) 54 (46.6%) 
43 (41.7%) 60 (58.3%) 
Average 49.8% 50.2% 
4 25 (41.0%) 36 (59.0%) 
26 (38.2%) 42 (61.8%) 
30 (49.2%) 31 (50.8%) 
26 (40.0%) 39 (60.0%) 
25 (43.9%) 32 (56.1%) 
24 (49.0%) 25 (51.0%) 
23 (43.4%) 3G (56.6%) 
21 (42.0%) 2& (58.0%) 
Average 43.3% 56.7% 
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TABLE 4. COMPOSITION OF CPM ACCORDING TO TYPE I AND TYPE I FIBERS 
Posterior CPM 


Anterior CPM 


Type I Fibers Type H Fibers 
13 (28.3%) 33 (71.7%) 
13 (22.8%) 44 (77.2%) 
41 (49.4%) 42 (50.6%) 
39 (45.9%) 46 (54.1%) 
32 (41.6%) 45 (58.4%) 
20 (35.7%) 36 (64.3%) 
37 (46.8%) 42 (53.2%) 
24 (40.0%) 36 (60.0%) 

38.8% 61.2% 
26 (40.6%) 38 (59.4%) 
20 (28.2%) 51 (71.6%) 
14 (26.4%) 39 (73.6%) 
23 (35.4%) ` 42 (64.6%) 
17 (31.5%) 37 (68.5%) 
16 (23.2%) 53 (76.8%) 
12 (27.3%) 32 (72.7%) 
10 (19.2%) 42 (80.8%) 

29.2% 10.8% 

31 (46.3%) 36 (53.7%) 
14 (38.9%) 22 (61.1%) 
43.7% 56.3% 

13 (22.0%) 46 (78.0%) 
12 (23.1%) 40 (76.9%) 
37 (52.9%) 33 (47.1%) 
32 (44.4%) 40 (55.6%) 
37.2% 62.8% 


Data are counts per high-powered field. 


In addition to our observations that support ipsi- 
lateral PP and RLN innervation, the data express the 
notion that the CPM is likely derived embryologically 
from 2 separate anlagen of the vagal system: one as- 


Anterior 





Posterior 


Fig 9. Lateral schematic drawing of pharynx and larynx 
demonstrating relative anterior CPM entry of RLN com- 
pared to posterior CPM entry of PP. Note positions of 
larynx (L), trachea (T), and esophagus (E). 


— 


sociated with pharyngeal (PP) origin and the other 
associated with laryngeal (RLN) development. Pha- 
sic contraction of the CPM during the inspiratory por- 
tion of the respiratory cycle or during phonatory ef- 
fort likely reflects its segmental laryngeal origins, 
while contractions of the CPM during the pharyn- 
geal phase of swallow express its predominant pha- 
ryngeal origin. Just as its contraction during inspira- 
tion ensures against esophageal air entry as intratho- 
racic pressure approaches subatmospheric, so does 
its contraction during phonation theoretically stabi- 
lize vocal tract volume by ensuring against esopha- 
geal penetration. Our observations regarding the dual 
embryological origins of the CPM may now have 
the capability of supporting and extending our under- 
standing of its diverse roles in all of those functions 
related to swallowing, breathing, and vocalizing. 


Further, both excitation and denervation protocols 
clearly show an ipsilateral pattern of motor innerva- 
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tion, definitively supporting the concept that the CPM, 
as a midline structure, constitutes the embryological 
merger or fusion of 2 anatomic halves. There is no 
bilateral innervation of each half, a point of view 
supported functionally as well.!9 


Last, our data also contribute important exclusion- 
ary observations only made possible by real-time 
EMG validation. The data clearly fail to support CPM 
innervation by either the eSLN or cervical sympa- 
thetics. The notion that eSLN injury or neurectomy 
affects the contractile state of the CPM appears un- 
likely. Further, the suggestion that clinical treatment 
of the CPM can be accomplished pharmacologically 
by either adrenergic or cholinergic manipulation now 


appears remote. 


In summary, the dual ipsilateral innervation of the 
CPM, jsegmentally projected, has not been previously 
described in any other form of neuromuscular orga- 
nization. Neuroanatomic implications concerning the 
diverse embryological origins of the CPM are by 
themselves fascinating, as are consequent physiologi- 
cal implications for its separate deglutitory, respira- 
tory, and phonatory functions. Above all, any incre- 
mental advance toward neuroanatomic accuracy can 
only improve future diagnostic and therapeutic strat- 
egies in the management of pharyngeal disease, while 
the orderly process of gathering those basic data can 
also be most gratifying. 
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LARYNGEAL CHEMODENERVATION: 
EFFECTS OF INJECTION SITE, DOSE, AND VOLUME 


PATTY LEE, MD 
ALBUQUERQUE, NEW MEXICO 


RANDAL C. PANIELLO, MD 
ST LOUIS, MISSOURI 


A canine model was used to measure changes in aryngeal adductory pressure (LAP) following injections of vecuronium bro- 
mide, a short-acting neuromuscular blocking agent. Ata constant volume, LAP was inversely related to the dose (and concentration) 
of vecuronium injected. At a constant dose (0.05 mg), LAP did not vary significantly over a wide range of injection volumes, from 
0.05 to 0.50 mL. At a constant dose and volume, the site of injection was varied among the anterior, middle, and posterior vocal fold, 
the interarytenoid region, and the anterior contralateral vocal fold. Reduction in LAP was greatest (p < .05) for the posterior vocal 
fold injection site (78% reduction); less reduction was seen for the middle (54%) and anterior (52%) vocal fold and interarytenoid 
(43%) injection sites. These results have implications for laryngeal botulinum toxin injections, which are discussed. 


KEY WORDS — botulinum toxin, laryngeal adduc:ory pressure, laryngeal chemodenervation, spasmodic dysphonia, vecuronium 


bromide. 


INTRODUCTION 


Laryngeal chemodenervation with injections f bot- 
ulinum toxin type A into the thyroarytenoid (TA) mus- 
cle is currently the treatment of choice for adductor 
spasmodic dysphonia.!. Experience with these injec- 
tions has led some clinicians to question whether the 
injections should be made into other laryngeal adduc- 
tor muscles, such as the lateral cricoarytenoid (LCA). 
Others have suggested that the volume of in-ectate 
should be kept within a small range in order to opti- 
mize the diffusion of the toxin. To date, these ques- 
tions have not been answered. 


There is evidence that intramuscular botulinum 
toxin injections diffuse from the original site into 
nearby muscles. Such diffusion has been observed 
clinically in patients undergoing botulinum injections 
into facial muscles,’ forearm muscles,* and cervical 
muscles 28 The cervical injections for torticollis of- 
ten affect swallowing; the eyelid injections for bleph- 
arospasm may cause temporary weakness of facial 
muscles resulting in an asymmetric smile. The ef- 
fects of the toxin on these nearby muscles are shorter- 
lasting than the effects on the primary muscle mject- 
ed, however. 


A diffusion effect has also been advanced for botu- 
linum toxin injected into the larynx.’ George et al 
demonstrated spread to the LCA muscle after mject- 


ing as little as 1.0 unit into the canine TA muscle. 
Shaari et al? found that the toxin easily spread through 
fascia planes, using a rat model. Borodic et all found 
a diffusion gradient of denervation in a rabbit model; 
the magnitude and extent of this gradient were dose- 
dependent. The diffusion gradient concept would ex- 
plain the shorter duration of action of the toxin on 
the noninjected nearby muscles. The physiological 
effects of TA injection diffusion to other laryngeal 
muscles have not been previously reported. 


Vecuronium bromide is a water-soluble, short-act- 
ing (25 to 40 minutes), nondepolarizing (curariform) 
neuromuscular blocking agent. We have previously 
observed that intramuscular vecuronium injections 
can be used as a predictor of botulinum toxin effects. 
Injections into the TA muscle result in 15 to 30 min- 
utes of relief of spasms in most patients with adduc- 
tor spasmodic dysphonia. We have used these injec- 
tions to assist with difficult diagnoses (eg, patients 
with atypical spasmodic dysphonia), to convince pa- 
tients of the benefits of botulinum injections, to re- 
assess patients who have failed more than 1 botuli- 
num injection, and to determine which muscles to 
inject with botulinum (eg, in patients with mixed dys- 
tonias). 

For the purposes of this study, the short-acting na- 


ture of vecuronium allows for complete recovery 
within a few hours, with no cumulative effect. Thus, 
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Fig 1. Schematic of experimental setup for laryngeal ad- 
ductory pressure (LAP) measurements. Caudal endotra- 
cheal (ET) tube through tracheostomy connects lungs to 
ventilator. Rostral ET tube balloon is passed through vo- 
cal folds by pulling suture through mouth while stimulat- 
ing recurrent laryngeal nerve (RLN). Pressure from vo- 
cal folds squeezing on balloon is measured on pressure 
transducer. 


several experimental trials can be performed on the 
same animal within a reasonable period of time. Be- 
cause of its similarity in clinical activity, the find- 
ings in this study with vecuronium should be analo- 
gous to those obtained with botulinum injections. To 
perform these experiments with botulinum toxin in- 
jections instead of vecuronium would be cost-prohib- 
itive. 

The canine larynx is very similar to the human 
larynx, with many analogous neuromuscular struc- 
tures,!! and makes an excellent model for this study. !2 
In particular, the vocal folds are similar in size and 
shape, although the lamina propria is less well de- 
veloped. The TA and LCA muscles have a similar 
relationship with one another, and the fascial planes 
around them are also analogous. This model makes 
it possible to study the effects of injection site, dose, 
and volume on the larynx without the need for hu- 
man subjects, while still allowing reasonable conclu- 
sions to be drawn. 


METHODS AND MATERIALS 


Four purpose-bred, conditioned, female hound- 
type mongrel dogs weighing 20 kg were used for 
these experiments. They were housed in a facility 
approved by the American Association for Accredi- 
tation of Laboratory Animal Care, and National In- 
stitutes of Health guidelines for animal care were fol- 
lowed strictly. The experimental protocol was ap- 
proved by the animal care committee of the St Louis 
Veterans Affairs Medical Center. 


A permanent tracheostomy was performed accord- 
ing to our previously described method (7 Briefly, 
general anesthesia was induced with intravenous thio- 
pental sodium, and maintained with 1% to 2% halo- 
thane inhalant. An incision was made between trache- 
al rings 10 and 13. The anterior half of the tracheal 
ring cartilage was removed, leaving laterally based 


mucosal flaps. An ellipse of skin was excised to re- 
duce skin redundancy, and the stoma was matured 
with deep stay sutures between the trachea and the 
dermis. The stoma was allowed to heal for 2 weeks. 


Assessment of Vocal Fold Motion. Under general 
anesthesia, direct laryngoscopy was performed with 
Lewy arm suspension. A 4-mm telescope (Karl Storz) 
connected to a video camera (Panasonic KS152) was 
directed through the laryngoscope, and images were 
viewed on a monitor. Laryngeal activity was recorded 
on a videocassette recorder (Mitsubishi BV2000) for 
later analysis. 


Recurrent laryngeal nerve (RLN) stimulation was 
performed by monopolar stimulation via either an 
implanted platinum electrode!? (2 dogs) or a pertra- 
cheal Teflon-coated needle electrode! (2 dogs). The 
ground electrode was placed on the anterior chest 
wall. Acustom constant-current laryngeal nerve stim- 
ulator (WR Medical Electronics) was set at 80 Hz. 
Vocal fold motion was observed on the monitor as 


the current was gradually increased. The stimulation 


currents at maximum and minimum levels of visible 
adductory activity were recorded. After successful 
placement of the pertracheal electrode, its position 
was maintained for the duration of the experiment. 
Care was taken to ensure that the monopolar current 
did not conduct to the opposite RLN; at the maxi- 
mum stimulation level, no activity of the contralateral 
vocal fold was observed. 


Laryngeal Adductory Pressure. The laryngeal ad- 
ductory pressure (LAP) was measured according to 
the following method. Briefly, a 7.0-mm-—inside di- 
ameter endotracheal (ET) tube was inserted through 
the tracheostomy and directed rostrally. The balloon 
was inflated with 10 mL of air, and the pilot line was 
connected to a pressure transducer (SpaceLab). A su- 
ture attached to the end of the ET tube and passed 
through the larynx and out the mouth assists in pass- 
ing the balloon through the glottis. The gross LAP 
value was determined by passing the ET tube through 
the larynx while stimulating the RLN (Fig 1). The 
baseline level (measured with stimulator turned off) 
was subtracted to give the net LAP value. Measure- 
ments from 3 passes were averaged to give each data 
point. For each experiment, the LAP was measured 
at a series of stimulating currents, giving a sigmoid 
pressure response curve. The stimulating current level 
of the pressure plateau was usually slightly higher 


` than the level of maximal observed activity. 


Vocal Fold Injections. A25-gauge needle on a tu- 
berculin syringe was inserted percutaneously through 
the cricothyroid membrane while observing the mon- 
itor. The submucosal position of the needle could be 
determined by gentle motion of the syringe, and the 
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Fig 2. Five laryngeal injection sites: | — anterior vocal 
fold; 2 — mid—vocal fold; 3 — posterior vocal fold; 4 — 
interarytenoid; 5 — contralateral anterior vocal fold. 


needle tip position ascertained. For these experi- 
ments, 5 injection sites were defined (Fig 2): 1) site 
1, the anterior vocal fold, in the anterior third of the 
vocal fold; 2) site 2, the mid—vocal fold, halfway be- 
tween the anterior commissure and the vocal process; 
3) site 3, the posterior vocal fold, just posterolateral 


to the vocal process; 4) site 4, the interarytenoid site, 


in the posterior commissure at the midpoint between 
the corniculate cartilages; and 5) site 5, the contralat- 
eral vocal fold, anteriorly placed as in site 1. 


Experimental Design. For each experiment, gener- 
al anesthesia was induced as described above, and 
the laryngoscope and pertracheal electrodes were 
placed (or implanted electrodes accessed). The base- 
_ line LAP was measured and the optimal stimulation 
level was determined. A dose and volume of vecuro- 
nium bromide (Norcuron, Organon Inc) solution was 
prepared and injected according to one of the proto- 
cols below, and the time of injection was marked. 
The LAP was then measured serially at 5-minute in- 
tervals. Following injection of vecuronium, the LAP 
typically declined for several measurements, then 
slowly recovered to baseline over 1 to 2 hours. Mea- 
surements were continued until there was no further 
decline in LAP for 3 successive measurements, or 
longer. The animal was then disconnected from the 
apparatus and recovered from anesthesia. No more 
than 1 experiment was performed on any given day 
in a Single animal, so that the injected vecuronium 
could be completely metabolized prior to the next 
experiment. 


The following experiments were performed: 


1. Constant volume, variable dose. The vecuroni- 
um bromide solution was varied so that an injection 
volume of 0.15 mL contained 0.025, 0.05, 0.10, 0.15, 
0.20, or 0.30 mg. (The corresponding concentrations 
were 0.167, 0.333, 0.667, 1.0, 1.33, and 2.0 mg/mL, 
respectively.) Sterile water was used as the diluent. 
Control injections consisted of 0.15 mL of sterile wa- 
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Fig 3. LAP versus time for 4 trials on different days of 
vecuronium 0.05 mg in 0.15-mL midcord injection. Good 
test-retest reliability is seen. 


ter with no vecuronium. Injections were made into 
the middle of the vocal fold (site 2 above). 


2. Constant dose, variable volume. We diluted 0.05 
mg of vecuronium bromide with sterile water into 
total injection volumes of 0.05, 0.10, 0.15, 0.20, 0.30, 
and 0.50 mL (with concentrations of 1.0, 0.50, 0.333, 
0.25, 0.167, and 0.10 mg/mL, respectively). Injec- 
tions were made into the middle of the vocal fold. 


3. Constant dose, constant volume, variable site. 
Injections of 0.15 mg of vecuronium in 0.15 mL of 
sterile water (1.0 mg/mL) were made at each of the 
5 sites described above. 


Each experiment described above was performed 
2 to 5 times; the data from duplicate experiments 
were averaged. The LAP was expressed as a percent- 
age of the baseline (maximum) value, and the series 
of LAP measurements was plotted against time post- 
injection. Thus, lower LAP values (as a percentage 
of maximum) indicate a greater effect of the vecuro- 
nium. The curves were compared with the paired t- 
test, and differences were considered significant if p 
< .05. 


RESULTS 


A total of 37 vecuronium injections were per- 
formed. There were no complications from the multi- 
ple anesthetics or from electrode implantation; how- 
ever, electrode failure led to subsequent use of the 
pertracheal method in 2 dogs. 


The vecuronium injections caused a characteris- 
tic reduction in LAP in all cases; no change in LAP 
was seen in the sterile water injection controls. The 
test-retest reliability was high, as seen in Fig 3. Simi- 
lar results were obtained on different dates in the 
same dog, and among different dogs (p < .05). 


In the 0.15-mL constant-volume series, increas- 
ing the dose of vecuronium resulted in a greater de- 
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Fig 4. Results of constant-volume, variable-dose series. A) Reduction in LAP is directly related to quantity of 
vecuronium injected. B) This can be seen clearly by comparing LAP levels at single time point (15 minutes). 


crease in LAP up to a dose of 0.15 mg; doses of 0.2 
mg and 0.3 mg did not result in significant additional 
adductory weakness (Fig 4A). The initial decrease 
in LAP was faster (the slope was steeper) with higher 
doses than with lower doses, as seen in the degree of 
LAP reduction at 15 minutes (Fig 4B). Recovery to 
baseline activity was also slower with higher injec- 
tion doses. | 


In the 0.05-mg constant-dose series, the LAP did 
not vary significantly with injection volume (Fig 5). 
There was a trend toward greater LAP reduction with 
higher volume, but it was not statistically significant. 
The initial slopes were nearly identical for all injec- 
tion volumes tested. 


In the constant-dose, constant-volume, variable- 
site-of-injection series, the greatest reduction in LAP 
was seen with the posterior injections (p < .05; Fig 
6). Reductions in LAP for the middle and anterior 
vocal fold sites were similar to each other and were 
less than that for the posterior site. The interarytenoid 
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Fig 5. Results of constant-dose (0.05 mg), variable-vol- 
ume series. LAP response is similar for all total injection 
volumes tested. 


site also showed LAP reduction, but the magnitude 
was smaller and the onset slower than for the vocal 
fold sites (p < .05). If the maximum decrease in LAP 
is considered (regardless of when it occurred, allow- 
ing an adjustment for different diffusion rates and 
distances), these data remain significant (p < .05; Fig 
6B). 


The contralateral anterior vocal fold injections 
gave inconsistent results. In 4 experiments, there was 
little or no effect in 2 trials, and reduction similar to 
that in the interarytenoid injection in the other 2, sug- 
gestive of slow diffusion of the vecuronium across 
the anterior commissure. Because of this inconsisten- 
cy, the data were omitted from Fig 6. 


DISCUSSION 


The vecuronium gave a graded response that was 
dose-dependent, up to an apparent saturation level 
at about 0.15 mg. To the extent that vecuronium can 
be considered a model for botulinum toxin, this re- 
sult would be consistent with the notion that either 
drug causes neuromuscular blockade by binding with 
cholinergic receptors, with the blockade increasing 
until some saturation point 1s reached. The duration 
of action of both drugs is a function of the tightness 
of this receptor binding, and of the degradation rate 
of the bound complexes. Botulinum toxin type Ais a 
much larger molecule than vecuronium, and its tis- 
sue diffusion properties may differ; but our prior ob- 
servations of similar activity in spasmodic dyspho- 
nia patients suggest that vecuronium is an adequate 
model for the purposes of this study. 


The similar results with a variety of injection vol- 
umes indicate that the drug stays in the tissue and 
binds to the receptor sites quickly, before the remain- 
ing diluent (sterile water) can carry it away. This find- 
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Fig 6. Results of constant-volume, constant-dose, variable-site-of-injection series. TVF — true vocal fold. A) LAP response 
versus time for 4 sites. B) Posterior vocal fold site gave greatest reduction. Time to peak activity varies, possibly due to 


different diffusion rates at each site. 


ing has practical value in the administration of small 
doses of botulinum toxin to spasmodic dysphonia pa- 
tients. It appears it is relatively safe to dilute the toxin 
to any suitable concentration to deliver the desired 
number of units (keeping the total injection volume 
within reason). Higher dilutions and larger injection 
volumes offer the advantage of more accuracy in ad- 
ministering the desired dose; a 0.01-mL error in injec- 
tion volume is a greater error if the total volume is 
0.05 mL than it is if the volume is 0.25 mL. 


The site-of-injection series shows there is clearly 
a functional effect of diffusion of the injected vecuro- 
nium into nearby muscles. The posterior TA injec- 
tion site, with the greatest reduction in LAP, proba- 
bly included a significant diffusion into the nearby 
LCA muscle. The interarytenoid injection also prob- 
ably diffused into the LCA muscle as well as the TA 
muscle; the reduction in LAP was more than could 
be explained by blocking the interarytenoid muscle 
alone. The variable effects found by moving the injec- 
tion site along the long axis of the vocal fold suggest 
that small variations in site of injection might result 
in significant clinical variability in response to the 
botulinum; and this is clearly what we have observed 
in spasmodic dysphonia patients with the percutane- 
ous injection technique. Although we confirm needle 
placement into the TA muscle using electromyogra- 
phy, an appropriate electromyographic signal might 
be obtained anywhere along this axis. Although these 
data clearly confirm diffusion of the injectate (vecu- 
ronium), they also support the findings of Borodic 


et al! that there is a diffusion gradient, with the ma- 
jority of the drug’s activity occurring at the site of 
deposition. Thus, it appears that the clinical response 
to botulinum injections might be more consistent if 
the injection needle can be reliably placed in the same 
vocal fold position every time. 


The data from this study might also explain why 
some clinicians use consistently higher or lower dos- 
es of botulinum than others; it may be a function of 
where along the TA axis the drug is deposited. A more 
posterior placement is more likely to diffuse into the 
LCA muscle and to give a greater reduction in LAP. 
Would it be better to target the LCA muscle directly? 
Diffusion to the TA muscle would probably occur. 
One advantage of LCA injections might be to en- 
force consistency in the placement of the needle with 
each injection. Carefully controlled clinical studies 
are needed to ascertain this. 


CONCLUSION 


Intramuscular injections of vecuronium bromide 
cause a reduction in LAP that is dose-related. The 
volume of injection is not critical, within the tested 
range. The effect is greatest with a posterior vocal 
fold placement, probably from a higher degree of 
diffusion into the LCA muscle. Botulinum toxin prob- 
ably has diffusion properties similar to those of vecu- 
ronium. If so, the data from this study can be used in 
choosing the site, dose, and volume of injection for 
patients undergoing laryngeal botulinum toxin injec- 
tions. 
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It has been reported that autoimmune mechanisms are involved in the development of inner ear disorders such as Meniere’s 
disease and steroid-responsive sensorineural hearing loss. In the present study, using an animal model for graft-versus-host disease, 
we investigated the immune regulatory mechanism in the endolymphatic sac and demonstrated that donor T cells injected into the 
systemic circulation of recipients infiltrate and proliferate in the perisaccular region. These findings suggest that immunocompetent 
cells are supplied from the systemic circulation through blood-labyrinth and blood-endolymph barriers into the endolymphatic sac, 
and that the endolymphatic sac allows these cells to proliferate locally as a local immune defense. It therefore seems likely that the 
endolymphatic sac plays a crucial role in not only graft-versus-host disease but also autoimmune inner ear disorders. 


KEY WORDS -— autoimmune disease, 5-bromo-2'-deoxyuridine, endolymphatic sac, graft-versus-host disease, immunocom- 


petent cell. 


INTRODUCTION 


It has been reported that the endolymphatic sac is 
a major tissue in the inner ear, in which immuno- 
competent cells appear and show an immune reac- 
tion.! Using an animal model for acute graft-ver- 
sus-host (GVH) disease, we have previously shown 
that immunocompetent cells are supplied from the 
systemic circulation into the endolymphatic sac. 
McCabe‘ demonstrated the relationship between in- 
ner ear disease and immunologic disorders. Systemic 
autoimmune diseases such as rheumatoid arthritis,> 
relapsing polychondritis,° Behçet disease,’ and sys- 
temic lupus erythematosus®? have also been reported 
to be associated with inner ear disorders. Therefore, 
it is suggested that systemic autoimmune diseases 
cause dysfunction in the immune system of the in- 
ner ear. 


Takahashi and Tomiyama!® have demonstrated the 
proliferation of immunocompetent cells in the en- 
dolymphatic sac after immunostimulation using key- 
hole limpet hemocyanin. However, they have not 
demonstrated whether these cells are derived from 
the systemic circulation. 


In the present study, we investigate the prolifera- 
tive activity of the immunocompetent cells infiltrat- 
ing the endolymphatic sac from the systemic circu- 
lation using 5-bromo-2'-deoxyuridine (BrdU), which 


- is a thymidine analog and specifically incorporated 


into the nuclei of the cells in the S phase of the cell 
cycle. 11.12 


MATERIALS AND METHODS 


Female BALB/c and C57BL/6 mice were pur- 
chased from CLEA Japan Inc (Osaka, Japan) and 
maintained under specific pathogen—free conditions 
in our animal facilities until use. 


BALB/c mice with the H-24 type of major histo- 
compatibility complex (MHC) antigen were divided 
into 3 groups. The first group of mice (10 BALB/c) 
were irradiated with 8 Gy from a cesium 137 source 
(Gammacell 40 Exactor, Nordion International Inc, 
Kanata, Canada). One day later, these mice were in- 
jected intravenously with 7 x 107 splenic cells from 
C57BL/6 mice (H-2°) after treatment with anti-B cell 
antibody (J11d2, ATCC, Rockville, Md) plus rabbit 
complement to delete B cells and to enrich T cells, 
resulting in induction of acute GVH disease. The sec- 
ond group of mice (10 BALB/c) were injected with 
the same number of lymphocytes from syngeneic 
BALB/c mice after irradiation. The third group of 
mice (10 BALB/c) were neither irradiated nor in- 
jected. The BALB/c mice in these 3 groups were 
then injected intraperitoneally with 10 uL BrdU (Am- 
ersham International, Little Chalfont, England) per 
gram of body weight on day 6. They were anesthe- 
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Fig 1. Mononuclear cells bearing H-2° (donor) 
antigen in perisaccular region of rugose por- 
tion in [C57BL/6—BALB/c] mice (arrows. 
original x400). 


tized intraperitoneally with sodium pentobarbital (50 
mg/kg) and subjected to intracardiac perfusion with 
saline 2 hours after BrdU inoculation, followed by 
periodate-lysine-paraformaldehyde (PLP) fixation at 
4°C and decalcification at 4°C in 5% buffered ethyl- 
enediaminetetraacetic acid (EDTA) for 7 days. The 
temporal bones were frozen in OCT compound (Tis- 
sue-Tek II, Lab-Tek Products, Naperville, Ill), sec- 
tioned into 9-um sections horizontally to the long 
axis of the cochlea, and then air-dried at room tem- 
perature. 


The sections were applied immunohistochemically 
by a modified indirect immunoperoxidase tech- 
nique!3 and were stained with hematoxylin and eosin. 
Several antibodies were employed: biotinylated anti- 
H-2° antibody (Meiji, Tokyo, Japan) to stain the do- 
nor (C57BL/6) cells, biotinylated anti-H-2¢ antibody 
(Meiji) to stain the host (BALB/c) cells, biotinylated 
anti-Thy 1.2 antibody (Becton Dickinson, Mountain 
View, Calif) to stain T cells, and anti-IgG antibody 
(Kappel, Organon Teknika Corporation, North Caro- 








lina) to detect IgG-bearing cells. The avidin-biotin 
complex immunostaining method was applied with 
ABC kits (Vectastain, Burlingame, Calif). The sec- 
tions were counterstained with hematoxylin. 


To detect BrdU-positive cells, we stained the sec- 
tions using the Cell Proliferation Kit (Amersham In- 
ternational) including murine anti-BrdU monenu- 


mouse IgG2a antibody, followed by counterstaining 
with hematoxylin. The ovaries and brains from non- 
treated BALB/c mice were used as positive and nega- 
tive controls, respectively. 


RESULTS 


Mononuclear cells that had infiltrated the peri- 
saccular region of the rugose portion of the endolym- 
phatic sac were positively stained with anti-H-2? an- 
tibody (Fig 1) and with anti-Thy 1.2 antibody (Fig 2) 
in all 10 of the BALB/c mice that received spleen 
cells from allogeneic C57BL/6 mice [C57BL/6—> 
BALB/c]. However, these cells were not stained with 


Fig 2. Mononuclear cells bearing Thy!.2 (T cell) 
antigen in perisaccular region of rugose portion 
in (CS7BL/6-—>BALB/c] mice (arrows: original 
x400). 
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Fig 3. Cells with BrdU-positive nuclei in ovary 
tissue of BALB/c mice (arrows: original x300). 








anti-H-2¢ antibody on the cell surface (data not saccular region (data not shown). No cell infiltra- 
shown). The BALB/c mice, which had received the tion was seen in other areas, including the modiolar 
spleen cells from syngeneic BALB/c mice [BALB/ vein in the inner ear of all groups of mice (data not 
c—BALB/c], showed no cell infiltration in the peri- shown), 





Fig 4. A) BrdU-positive nucleus (long arrow) 
and BrdU-negative infiltrated cells (short ar- 
rows) in perisaccular region of rugose portion 
in [(CS7BL/6—BALB/c] mice (original x400). 
B) High magnification of A showing enlarge- 
ment and irregularity of BrdU-positive nucleus 
corresponding to S phase (original x2,000). 
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The next step was to examine cell proliferation 
by means of BrdU. In the BALB/c mice (without 
irradiation), the ovary tissue showed BrdU-incorpo- 
rated nuclei (Fig 3), while the brain tissue contained 
no BrdU-positive nuclei (data not shown). The cells 
that had infiltrated the perisaccular region in 8 of 
the 10 [C57BL/6—>BALB/c] mice also showed posi- 
tive staining with anti-BrdU antibody (Fig 4A). The 
nuclei showed enlargement and irregularity corre- 
sponding to the S phase of the cell cycle (Fig 4B). 
From | to 3 of the cells infiltrating each endolym- 
phatic sac were positively stained with anti-BrdU 
antibody. 


The IgG-positive cells were also examined. How- 
ever, no IgG-bearing cells (including IgG2a-bear- 
ing cells) were observed in the perisaccular region 
of the [C57BL/6-—BALB/c] mice or in the ovaries 
of the BALB/c mice (data not shown). 


DISCUSSION 


Regarding the possibility of cell infiltration around 
the modiolar vein and other areas of the inner ear, 
we could find cell infiltration only in the perisaccular 
region. It is well known that allogeneic T cells cause 
acute GVH disease in immunologically active sites,!4 
and that the endolymphatic sac is a major immune 
tissue and an immunologically active and antigenic 
site in the inner ear.!2!5 This is, therefore, the rea- 
son why acute GVH disease occurs only in the peri- 
saccular region of the inner ear. We have reported 
that acute GVH disease occurs in the endolymphatic 
sac.? Various investigators have demonstrated that 
immunocompetent cells reach the endolymphatic sac 
from the systemic circulation.3:!617 Takahashi and 
Tomiyama!®? reported that immunocompetent cells 
in the endolymphatic sac showed proliferative activ- 
ity upon antigen exposure. However, it remained un- 
certain whether immunocompetent cells in the sys- 
temic circulation could infiltrate and proliferate se- 
quentially in the endolymphatic sac. In the present 
study, we have demonstrated, using an animal model 
for GVH disease, the existence of BrdU-carrying 
cells in the donor T cells infiltrating the perisaccular 
region. BrdU is a thymidine analog specifically in- 
corporated into the nuclei of the cells in the S phase 
— the period of DNA synthesis — of the cell cy- 
cle.!!.!2 These findings suggest that immunocompe- 
tent cells in the systemic circulation infiltrate the en- 
dolymphatic sac through the blood-labyrinth and 





blood-endolymph barriers and proliferate locally as 
a consequence of the immune response. 


We used the Cell Proliferating Kit (Amersham), 
which includes caprine peroxidase anti-mouse IgG2a 
antibody as a second antibody, to detect BrdU-posi- 
tive cells. This antibody directly detects mouse IgG2a 
on the murine sections. However, no IgG-bearing 
cells, including IgG2a-positive cells, were observed 
in the perisaccular region. 


A previous study showed that some epithelial cells 
and fibroblast cells proliferated in the perisaccular 
region of the guinea pig.!* In the present study, the 
[BALB/c—>BALB/c] mice did not show any prolif- 
erating cells in the perisaccular region, whereas the 
[(C57BL/6—BALB/c] mice did. Since host BALB/c 
mice were irradiated with 8 Gy, this treatment ap- 
pears to inhibit the proliferation of these cells in the 
host perisaccular region. Therefore, it is likely that 
BrdU-positive cells are donor cells that have infil- 
trated this region, rather than host-derived cells, in- 
cluding epithelial cells or fibroblast cells, in the peri- 
saccular region of the [C57BL/6-—BALB/c] mice. 
In the present study, we have shown that there is an 
immunologic communication between the systemic 
circulation and endolymphatic sac, although the en- 
dolymphatic sac is surrounded by blood-labyrinth 
and blood-endolymph barriers. Autoimmune diseases 
have been reported to be associated with inner ear 
disorders.°-? 


It has also been reported that there is a close cor- 
relation between autoimmune disease and GVH dis- 
ease; Gleichmann et al!? have demonstrated that au- 
toimmune disease can be induced by GVH disease 
elicited by injection of parental lymphocytes into F1 
mice. It therefore seems likely that systemic autoim- 
mune diseases like GVH disease affect the inner ear 
immune function and give rise to inner ear disor- 
ders. Indeed, some forms of Meniere’s disease*29 
and steroid-responsive sensorineural hearing loss?!.22 
have been suggested to be autoimmune diseases. It 
has been demonstrated that there was infiltration of 
T cells in the perisaccular region of a patient with 
Meniere’s disease,7? as is seen in patients with Hashi- 
moto’s thyroiditis or insulin-dependent diabetes mel- 
litus. From our present data showing that immuno- 
competent cells in the systemic circulation infiltrate 
and proliferate in the endolymphatic sac, it appears 
likely that the endolymphatic sac is also a target site 
of autoimmune disease. 
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GEOMETRIC STRUCTURE OF THE HUMAN AND CANINE 
CRICOTHYROID AND THYROARYTENOID MUSCLES FOR 
BIOMECHANICAL APPLICATIONS 
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The geometric structure of the cricothyroid (CT) muscle and thyroarytenoid (TA) muscle was quantified in 6 human and 3 
canine larynges. Each muscle was divided into a series of fiber bundles. With a 3-dimensional micrometer probe, the coordinates of 
the origin and insertion of each bundle were measured before dissection. It was found that the mass of the CT muscie in the dog was 
1.463 + 0.280 g, which was significantly greater than the 0.9423 £ 0.123 g found in the human, This was a result of the cross- 
sectional area of the canine CT muscle being 105.3 + 11.6 mm? instead of f the 73.8 + 7.4 mm? found for the human, However, the 
ratios of CT/TA mass and cross-sectional area between the two groups were not significantly different, suggesting that the two 


muscles grow proportionally. 


KEY WORDS — canine larynx. cricothyroid muscle. human larynx, thyroarytenoid muscle. 


INTRODUCTION 


The intrinsic muscles of the larynx are essential 
in the control of loudness, pitch, and voice quality in 
speaking and singing. These muscles are part of a 
cooperative system used for the purpose of widen- 
ing the glottis (abduction), closing the glottis (adduc- 
tion), and lengthening the vocal felds. The mecha- 
nism of lengthening the vocal folds is of particular 
interest in this study; therefore, two intrinsic muscles, 
the cricothyroid (CT) and thyroarytenoid (TA) mus- 
cles, were chosen for a comparative analysis of fiber 
orientation and size. These two muscles are respon- 
sible for most mechanical actions within the larynx 
that affect pitch control. 


Because the TA and CT muscles are in direct op- 
position to each other, they are used differentially as 
regulators of fundamental frequency (Foi! Many 
studies have clarified the function of the CT muscle 
in phonation by means of electromyography. mor- 
phological techniques,® and experiments on dogs.’ 
These studies indicate that increased CT activity 
raises Fo, all else being constant. The CT muscle usu- 
ally acts in a “non-isometric” mode and decreases 
its length during contraction. This decrease of length 
could reach up to 50% at high pitches.!®-!! Further, 
in the singer’s chest voice, the activity of the CT mus- 
cle i is increased with Fo, and only in falsetto register 


does the activity reach its maximum?!" 


The function of the TA muscle, however, is less 
clear in Fo control. Increased activity of the CT mus- 
cle raises the Fo, whereas increased activity in the 
TA muscle may either raise or lower the Fo.4°°¢ 
The tension of the vocal fold is controlled by the 
vocal fold length. Greater contraction of the muscle 
will lower the Fo, because the active tension in the 
TA muscle is outweighed by the reduced tension in 
the cover due to the decrease in length. 


The CT and TA patie. work together as agonist- 
antagonist pairs!®.!5 as they cause rotation and glid- 
ing around the CT joint. In order to solve the dynam- 
ics of this rotation and gliding, it is necessary to Know 
the net clockwise and counterclockwise torques that 
are produced by the contractions of both the CT and 
TA muscles. Their individual torque depends on the 
magnitude of force, the line of action, and the mo- 
ment arm. If it is assumed that muscle bundles are 
activated equally, then the force can be proportional 
to the cross-sectional area of the muscle, and the ef- 
fective torque can be calculated from the individual 
bundle’s geometry (coordinates of origin, imsertion, 
and cross-sectional area). Thus, the knowledge of 
muscular fiber length and orientation is an essential 
in any estimation of the torque and moment arm of 
CT rotation. 
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A comparative analysis between the anatomy of 
the human larynx and that of the canine larynx is 
important when studying these muscles, because 
much of the knowledge we gain about the vocal 
mechanism is obtained from animal experimentation. 
The canine larynx has been a popular substitute for 
the human larynx in a variety of studies because of 
its similar size and gross structure. It is critical, how- 
ever, to identify differences that occur between the 
two species before application can be made to hu- 
man function. 


The purpose of this study was to examine the dif- 
ferences in orientation, length, mass, and cross-sec- 
tional area between the canine and human larynges 
and discuss their implications for pitch control. This 
will be done mainly in terms of ratios between CT 
and TA measures, which are most helpful for identi- 
fying differences in overall function. 


METHOD 


Human and Canine Tissue Collections. Male hu- 
man larynges from autopsy were obtained from the 
Department of Pathology at the University of lowa 
or from the University of Utah. The 6 larynges were 
collected and slowly frozen 5 to 19 hours after death 
and after the stages of rigor mortis in the neck re- 
gion were completed. Their ages were 36, 65, 74, 
78,41, and 71 years. All larynges were obtained from 
individuals with no history of head or neck trauma 
and no laryngeal disease. The canine larynges were 
obtained from the University of Iowa Animal Care 
Unit after the dogs were painlessly sacrificed for ex- 
perimentation in a cardiovascular research labora- 
tory. The 3 specimens, from male dogs, were obtained 
immediately after death and submerged in 0.9% sa- 
line solution. The ages of the specimens were esti- 
mated by a University veterinarian on the basis of 
dental development and were found to be no more 
than 1 to 2 years. All specimens were from mixed 
Labrador and German shepherd breeds ranging in 
size from 25 to 26.1 kg. All larynges were obtained 
from dogs with no evidence of head or neck trauma 
or disease of the larynx. 


Preparation of Tissue, The human larynges were 
frozen slowly following autopsy and stored for sev- 
eral days in a freezer (-4°C). They were also thawed 
slowly at room temperature before measurement. In 
order to minimize the effects of dehydration, the fluid 
balance of the dead tissue was maintained by keep- 
ing the larynx submerged in a 0.9% saline solution 
at room temperature before measurement. Through- 


out the dissection procedure and after each fiber was 


removed, the saline solution was applied to main- 
tain hydration of each muscle and all dissected fi- 
bers. To prevent excessive hydration, the fiber was 


placed on absorbable paper for a brief moment to 
soak up surface saline before being weighed. The 
remaining tissue was submerged in 0.9% saline so- 
lution and stored in a refrigerator (+4°C) after each 
muscle was dissected. 


The canine larynges were also submerged in 0.9% 
saline solution following removal and stored in a re- 
frigerator (+4°C) for 20 to 48 hours before measure- 
ment. During dissection, the canine larynges were 
protected against dehydration via the same proce- 
dure used for the human larynges. Thus, the processes 
used immediately after harvesting were different for 
canine and human samples (freezing in human), but 
the means of storage during dissection were similar. 


Fiber Dissection. Universal safety precautions 
were used for all dissection procedures. Microdissec- 
tion scissors, lightweight sandpapers, scalpels, and 
tweezers were used to remove unwanted fat, fascia, 
and nerve tissue. The excised larynges were prepared 
such that only the major cartilages (thyroid, cricoid, 
arytenoid, and a piece of the trachea) and intrinsic 
muscles remained as the framework. Excess tissue 
was removed to expose the CT muscle, in particular, 
the pars recta (PR) and the pars obliqua (PO). Supe- 
riorly, all the tissue was removed to the level of the 
true vocal folds. The vocal fold mucosa and liga- 
ment were also removed so that all the TA muscle 
fibers were visible. To minimize tissue alterations, 
the same person performed all fiber dissections. 


The second step in this procedure was to mount 
the larynx on a laboratory bench such that the cri- 
coid cartilage was fixed. Rotation of the thyroid car- 
tilage allowed the axis of rotation (through the CT 
joint) to be determined. A pin was inserted through 
both CT joints to establish the origin of the coordi- 
nate system and to keep the joints from rotating and 
slipping. The CT joint constituted one of the primary 
reference points. The midline of the lower border of 
the anterior arch of the cricoid cartilage constituted 
the second primary reference point, and the anterior 
commissure constituted the third primary reference 
point. A pin was also inserted through the cricoary- 
tenoid joint to keep the arytenoid from sliding or 
rocking in any direction. The 3-dimensional geom- 
etry of the larynx was quantified with a 3-dimensional 
mechanical positioning system composed of 3 or- 
thogonally mounted micrometers. Vernier markings 
allowed the position of each slide to be read to an 
accuracy of 0.1 mm. The range of measurement was 
determined so that the larynx could remain in a fixed 
position until all the data for that muscle were col- 
lected. Several additional reference points on the ma- 
jor cartilages (thyroid, cricoid, and arytenoid) were 
recorded with the device to indicate where the ori- 
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Fig 1. Views of A) thyroarytenoid (TA) muscle and B) cricothyroid (CT) muscle. 


gins and insertions were in reference to the whole 
laryngeal framework. It should be noted that the left 
CT muscle and the right TA muscle were dissected 
for each specimen. Ease of dissection and apparatus 


limitations were the primary reasons that muscles of 


the same side were not used for each specimen. Sym- 
metry was thus assumed in each case for analysis, 
but a test for symmetry in terms of bulk mass was 
performed (see below). 


The third step in this procedure was to isolate fi- 
ber bundles on two separate portions of the CT mus- 
cle (PR and PO) and on the TA muscle (vocalis and 
muscularis). The vocalis and muscularis portions 
were not easily defined; therefore, there was no dis- 
tinction made between the two portions in the TA. 
Muscle fiber bundles were defined by removing the 
thin layer of fascia and gently rubbing the muscle 
across the grain to separate the various fascicles. The 
fiber bundles were removed according to muscle def- 
inition and ease of separation. Superficial layers were 
separated and removed first to expose deeper layers 
of bundles. Three-dimensional coordinates of origin 
(X1, Y1, Z1) and insertion (X2, Y2, Z2) were re- 
corded for each fiber bundle. 


Mass Measurement. Each dissected muscle fiber 
bundle was weighed on an electronic balance (Mettler 
model AE 100, 0.1-mg accuracy) after removal from 
the muscle. The mass of each muscle fiber bundle 
was recorded and accumulated to represent the total 
muscle mass of the CT muscle, the PR and PO bel- 
lies of the CT muscle, and the TA muscle. The con- 
tralateral muscles were also weighed on the balance 
and recorded for 5 of the 6 human larynges and all 3 
canine larynges. 


Length and Angle Calculations. The length of each 
dissected muscle fiber bundle (L) was determined 
from the 3-dimensional coordinates of origin and in- 


sertion points as 
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(X2 ~ X1} + (Y¥2-Y1)? +(Z2- Zi 


After the lengths were recorded for each muscle fi- 
ber, the average length was determined for the com- 
plete muscle. The angle 8 of each muscle bundle in 
the XY plane relative to the midsagittal plane was 
calculated from 


In other planes, such as the YZ plane, it was calcu- 
lated similarly (Fig |). Then the range of angles for 
the complete muscle and its average were calculated 
for the CT muscle, TA muscle, PR, and PO. 


Area Calculation. The cross-sectional area of each 
bundle, A, was calculated from 


hoe oe 
pL 
where m is the bundle mass, p is the density of muscle 
tissue, and L is the bundle length. The areas of each 
muscle fiber bundle were recorded and added togeth- 
er to represent the total muscle area of the complete 
muscle. 


Statistical Analysis. The CT muscle, PR, PO, and 
TA muscle were measured with respect to average 
length, total muscle mass, and total cross-sectional 
area of the muscle. To account for the discrepancies 
in the samples’ geometric structure and make appro- 
priate between-group comparisons, a nonparametric 
statistical test with the level of significance value of 
p = .05 was used (Mann-Whitney U test!*). It com- 


characteristics: 1) muscle mass, 2) CT/TA mass ra- 
tio, 3) muscle length, 4) muscle cross-sectional area, 
5) CT/TA area ratio, and 6) orientation angie. 
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Mass (grams) 
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HCT CCT HTA CTA HPR CPR HPO CPO 


Fig 2. Comparative masses of CT and TA muscles. HCT 
— human cricothyroid muscle, CCT — canine cricothy- 
roid muscle, HTA — human thyroarytenoid muscle, CTA 
— canine thyroarytenoid muscle, HPR — human pars 
recta, CPR — canine pars recta, HPO — human pars 
obliqua, CPO — canine pars oblique. 


RESULTS 


Comparative Mass Results. The total masses of 
the CT muscle, its PR and PO bellies, and the TA mus- 
cle were measured for the 6 human larynges and the 
3 canine larynges. The total mass of the contralat- 
eral muscle was also measured for 5 of the human 
larynges and all 3 canine larynges. Figure 2 shows 
that the average total mass of the human CT muscles 
(denoted HCT on the bar graph) was 0.9423 g (SD = 
0.1228 g). The average total mass of the canine CT 
muscles (denoted CCT) was 1.4632 g (SD = 0.2802 
g). The results of the Mann-Whitney U test revealed 
significant between-group differences (p = .0155) in 
total mass for the CT muscles. Therefore, the canine 
CT muscles used in this study (large mongrel dogs) 
had about 0.5 g more mass than the human CT mus- 
cles. Similarly, the canine TA muscles had about 0.56 
g more mass than the human TA muscles (p = .001). 


Comparative Length Results. The average lengths 
of the CT muscle, its PR and PO bellies, and the TA 
muscle were calculated for the 6 human larynges and 
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Fig 3. Comparative lengths of TA and CT muscles. 
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Fig 4. Comparative cross-sectional areas of TA and CT 
muscles. 


the 3 canine larynges. Figure 3 shows that the aver- 
age length of the human CT muscles was 13.8 mm 
(SD = 1.0 mm). The average length of the canine CT 
muscles was [5.2 mm (SD = 0.4 mm). There is a 
significant between-group difference (p = .0478) in 
average length for the CT muscles; the canine CT 
muscles used in this study were longer than the hu- 
man CT muscles by about 1 to 2 mm. Similarly, the 
canine TA muscles were about 3.6 mm longer than 
the human TA muscles (p = .0476). 


Comparative Cross-sectional Area Results. Fig- 
ure 4 shows that the average cross-sectional area of 
the human CT muscles was 73.8 mm? (SD = 7.4 mm?) 
and the average cross-sectional area of the canine 
CT muscles was 105.3 mm? (SD = 11.6 mm2). There 
was a significant between-group difference (p= .0238) 
in total muscle cross-sectional area for the CT muscle, 
with the canine CT cross-sectional area being about 
30 mmĉ greater than the human. Similarly, the ca- 
nine TA muscle, with an average cross-sectional area 
of 63.8 mm/?, was about 50% thicker than the human 
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Mass & Area Ratios 
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Fig 5. Comparative masses and area ratios of TA and CT 
muscles. HMR — human mass ratio, CMR — canine 
mass ratio, HAR — human area ratio, CAR — canine 
area ratio. 
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TA muscle, with a 40.9-mm/2 cross-sectional area (p 
= .0238). 


Comparative Mass and Cross-sectional Area Ra- 
tios. The ratios of total CT muscle mass to total TA 
muscle mass were calculated to eliminate the effects 
of muscle bulk and atrophy due to the age of each 
specimen. Ratios were also useful in comparing the 
total masses of the two agonist-antagonist muscle 
pairs within each larynx. Mass ratios were calculated 
for the 6 human larynges and the 3 canine larynges. 
The ratios of the contralateral muscles were also cal- 
culated for 5 of the human larynges and the 3 canine 
larynges. Figure 5 shows that the average CT/TA 
mass ratio of the human muscles was 1.10506 (SD = 
0.0999). The ratio for the dog was 1.0466 (SD = 
0.1078); hence, there is no significant between-group 
difference (p = .119). Cross-sectional area ratios were 
also calculated for the 6 human larynges and the 3 
canine larynges and are shown in the same Figure. 
The CT/TA cross-sectional area ratio of the human 
muscles was 1.8 (SD = 0.3). This ratio for the dog 
was 1.7 (SD = 0.1); there is no significant between- 
group difference (p = .381). 

Comparative Angle Results. Figure 6A shows that 
the average orientation angle (from vertical position) 


Fig 6. Orientation angles. A) Of CT muscle in XZ plane. Di OF 
CT muscle in YZ plane. C) Of TA muscle in XY and YZ planes. 
tv — transverse view, sv — sagittal view, 
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of the PR belly of the human CT muscle was 31,2° 
(SD =2.5°) in the XZ plane (coronal). The same angle 
for the dog was 25.5° (SD = 2.8°), with a significant 
between-group difference (p = .0238) of about 5° to 
6°. This means that the canine CT muscle les more 
vertical. The PO bellies of humans and dogs had aver- 
age values of 47.2° (SD = 9.3°) and 38.3° (SD = 6.6") 
in the same plane: ie, the human PO muscle is more 
horizontal than the canine. 


These muscles have different angles in the YZ plane 
(midsagittal). Figure 6B shows that the PR belly had 
an average angle of 24.1° for human samples and 
8.2° for canine samples. This is a significant differ- 
ence (p = .0476) that indicates the canine PR musele 
is more vertical in the midsagittal plane than the hu- 
man PR muscle. These angles for the human and ca- 
nine PO bellies were 63.9° and 40°; hence, the hu- 
man PO is more horizontal in the YZ plane. 


Figure 6C shows the average angles of the TA mus- 
cles of the human and canine samples. These angles 
are based on the measurements in the XY plane 
(transverse view) and the sagittal YZ plane as shown 
in Fig 1B. The average angle for the human TA mus- 
cle was 11.0° (SD = 3.3), and that for the canine TA 


1156 Cox et al, Geometric Structure of Laryngeal Muscles 


muscle was 17.4° (SD = 6.3); thus, the canine vocal 
folds at equilibrium position are more abducted than 
human vocal folds. The average TA angles in the sag- 
ittal plane were 13.9° and —0.8°, so the canine TA 
muscle is almost horizontal, but the human TA muscle 
is tilted upward from anterior to posterior. However, 
these TA angle differences were not statistically sig- 
nificant. 


DISCUSSION 


Mass and cross-sectional area were significantly 
larger in our canine larynges than in our human la- 
rynges. However, the mass and cross-sectional area 
ratios show that the relationship between these two 
muscles is similar in the two species. If we assume 
that all the muscle bundles are equally activated, the 
force produced by each bundle is proportional to its 
cross-sectional area. Studying the mass and cross- 
sectional area ratios allows us to predict that the CT 
muscle is capable of producing greater forces in the 
elongation and rotation processes.!! Cross-sectional 
area calculations, however, assume that the fiber bun- 
dies are of uniform diameter along their length. This 
was not necessarily the case. The fiber bundles were 
thinner at their origin and insertion than in the cen- 
ter. This should be considered for modeling proce- 
dures in the future. 


We compared the mass measurements in this study 
to those of Faaborg-Andersen,? and the total masses 
of the human CT muscle were remarkably similar 
(942 mg, compared to 954 mg in his study). Cross- 
sectional area calculations were also similar (74 mm2, 
compared to 60 mm?) for the CT muscle. The masses 
of the TA muscle were not similar, because Faaborg- 
Andersen used the thyrovocalis portion only, while 
our study used the whole TA muscle (823 mg, com- 
pared to 318 mg). 


Length. The length measurements in this study are 
within the range of length measurements reported by 
Hirano et al.!> Their length measurements included 
both the membranous and cartilaginous portions. 
Their data suggested that the vocal fold length ranges 
from 17 to 21 mm in men, whereas in this study, the 
average length of the human TA muscle was 18.3 
mm. The canine TA muscle in this study was 21.9 
mm, which is longer than the 15 to 19 mm reported 
by Alipour-Haghighi and Titze.!° The exterior por- 
tion of the CT muscle has longer muscle fiber bundles 
than the deeper portion of the muscle. Therefore, the 
difference in length measurements from those re- 
ported by Alipour-Haghighi and Titze is likely due 
to the fact that their samples were prepared from the 
medial portion of the canine TA muscle. Overall, the 
CT and TA muscles were significantly longer for our 
dogs than for our humans. The exception was the 


PO belly of the CT muscle. Although the difference 
was not statistically significant, the PO was longer 
in the human than in the dog. 


Orientation and Pitch Control Issues. The differ- 
ences between human and canine orientation angles 
of these muscles may be due to phylogenetic effects 
within the human race.!7.!8 A more horizontal orien- 
tation of both of the CT bellies (PR and PO) may 
contribute to more backward displacement or retrac- 
tion of the cricoid arch.!.1! Many investigators!7-2! 
believe that this ventrodorsal sliding significantly af- 
fects changes in vocal fold length. It can be hypoth- 
esized that the human mechanism is more capable 
than the canine mechanism of producing dramatic 
changes in length. Perhaps that is why the human 
instrument is more versatile and can produce octave 
jumps in pitch within a second during singing. It may 
be noteworthy that the orientation of the TA muscle 
was not significantly different between the human 
and canine specimens. 


Important Similarities and Differences. Pressman 
and Kelemen”? stated that identifying certain details 
in the comparative anatomy of the larynx is of great 
importance to the physiologist, especially if labora- 
tory experimentation is concerned. The greatest part 
of our scientific knowledge of the physiology of the 
larynx comes from observations of laboratory ani- 
mals. In light of this fact, it is important to identify 
these differences in structure from one species to the 
next, even though the structures may appear very sim- 
ilar. Differences in innervation, quantitative muscle 
relationships, patterns of cartilaginous structure, and 
position and size are important. These differences 
contribute to the difficulty of applying knowledge 
gained by animal experimentation to human condi- 
tions. 


The larynx of a large dog is similar to the human 
larynx in terms of size and vocal fold histology; how- 
ever, dissection reveals differences in the CT and TA 
muscles that may be noteworthy to mention. An ob- 
vious difference was the absence of the vocal liga- 
ment in the canine. Titze et alt comment that the ca- 
nine larynx is not an ideal model of the human lar- 
ynx when discussing pitch control and vocal fold tis- 
sue morphology, because the vocal ligament is ab- 
sent. On examination of both the human and canine 
cricoid cartilages and their relationship to the CT 
muscle, another obvious difference is noted. The hu- 
man CT muscle appears to be set into a groove within 
the cricoid cartilage, and the canine CT muscle ap- 
pears to be more exposed and bulky. Perhaps this 
could be related to body proportion differences within 
the two species. The neck of a dog is large and mus- 
cular in proportion to the rest of its body, while the 
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neck of a human is proportionally much thinner. This 
could be related to each species’ normal anatomic 
position and gravitational effects on that position. 
Perhaps it could also be related to the uniqueness of 
the human muscular framework that results in a more 
versatile and specialized instrument. 


In spite of these differences, much of the informa- 
tion on the mechanics of vocal fold vibration has 
emerged from the study of excised canine larynges. 
A number of studies suggest that excised larynges 
do not accurately reproduce physiological conditions 
of vocal fold tension and mass during vibration.” 
Moore and Berke? believe that in vivo canine mod- 
els appear to be better than excised larynges, because 
they maintain blood flow and intrinsic laryngeal mus- 
cular tension while preventing postmortem deterio- 
ration of the tissue. Choi et al also suggest that “de- 
spite differences in structure between human and 
canine larynges, in vivo canine studies are well suited 
for examining questions about fundamental frequen- 
cy in phonation, because the basic gross function of 
major laryngeal muscles is quantitatively the same 
for the two species.”°(P774) Has was a strong sup- 
porter of the use of the canine larynx and commented 
that the physiological similarity of the dog to the hu- 
man supports the dog’s value for research on the 
mechanisms of the larynx. 


Moore and Berke recognized that “the use of ani- 


mals to study laryngeal function provides a setting 
in which new concepts can be tested, while at the 
same time allowing manipulation of variables not 
easily controlled in humans.”’879”) Traditionally, in- 
vestigators have used the dog as their principal ani- 
mal model for laryngeal studies. That is why it is so 
important to know if the canine model truly repre- 
sents the human larynx, when discussing pitch con- 
trol. 


CONCLUSION 


Mass and cross-sectional area ratios of the human 
and canine specimens in this study suggest that the 
basic gross function of the CT and TA muscles is the 
same for the two species. However, the differences 
in fiber orientation could reflect different biomechan- 
ical functions in the two muscles. Data collected in ` 
this study from the CT muscle will be useful for cal- 
culating the torque acting on the CT joint to change 
vocal fold length. These calculations will help estab- 
lish the functional relationship between the muscles 
in pitch control and provide a 3-dimensional picture 
of the dynamics of rotation. The data will also be 
used for a 3-dimensional reconstruction of the mus- 
cular attachments in the laryngeal framework. As al- 
ways, it would be beneficial to have more subjects 
of different ages and sexes so that we could interpret 
differences in laryngeal control in the developmen- 
tal and aging periods. 
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Radiation-induced hearing loss was evaluated in 21 patients with unilateral malignant parotid tumors treated with surgery and " 


radiotherapy. The contralateral ear was used as a control. Eight patients (38%) were found to have a reduction in static compliance of 
the tympanic membrane (type B tympanogram) in the irradiated ear. By audiometry, significant hearing loss was found in 9 patients 
(43%). These hearing losses were mainly sensorineural, as shown by a similar reduction in both air and bone conduction, although 
mixed-type hearing loss existed in some patients. A statistically significant difference in incidence of 67% versus 0% (p = .0085) was 
noted for patients with a cochlear dose of greater than or equal to 60 Gy, in comparison to those receiving doses of less than 60 Gy. 
A type B tympanogram was also found to be a prognostic factor for significant sensorineural hearing loss. Patients with type B 
tympanograms had a much higher incidence of significant sensorineural hearing loss than those with type A tympanograms (88% 
versus 15%, p = .02). This study clearly shows that radiotherapy can induce significant hearing impairment, especially when the 


cochlear doses are higher than 60 Gy. 


KEY WORDS — audiometry, hearing, parotid neoplasm, radiotherapy, tympanometry. 


INTRODUCTION 


Radiotherapy (RT) is a major treatment modality 
for many head and neck cancers. However, side ef- 
fects on the statoacoustic organ may occur when the 
ear is included in the treatment field. Huang and Chu! 
reported that 44% of nasopharyngeal carcinoma 
(NPC) patients had ear trouble during and after RT. 
In the acute stage, patients often have the signs and 
symptoms of otitis media due to transient and rever- 
sible edema around the eustachian tube. Patients may 
also develop progressive and permanent hearing im- 
pairment in the chronic stage, which may be caused 
by direct damage to the ear structures.29 


There is a wide range of incidence of radiation- 
induced permanent hearing impairment reported in 
the literature for malignancies arising in close prox- 
imity to the ears. In cases of NPC, the incidence var- 
ies from 3% to 54%.1:4-6 In cases of parotid tumors, 
Evans at al’ and Borsanyi and Blanchard® did not 
find any patient developing significant hearing im- 
pairment after RT. However, Schot et al,? Leach,? 
and Moretti? showed that hearing loss was very com- 
mon following temporal bone irradiation, with an in- 
cidence rate as high as 50%. The discrepancy be- 
tween these reports may be due to differences in ra- 
diation dose and techniques, definition of hearing im- 
pairment, or other factors. In the past, it was very 


difficult to spare the ear from the high—radiation dose 
region in these diseases for fear of compromising 
tumor control. With modern RT techniques, the ra- 
diation dose to the ear can be reduced with proper 
shielding. Therefore, it is of utmost importance to 
determine the threshold dose for the acoustic organ, 
which will offer us vital information in choosing the 
best RT technique. 


In this retrospective study, patients with unilateral 
parotid gland tumors treated with surgery and irra- 
diation were evaluated for possible hearing loss 2 to 
14 years after RT. The difference in hearing between 
ears was evaluated, so that the contralateral ear was 
used as the control. 


MATERIALS AND METHODS 


From 1986 to 1992, 89 patients with unilateral pa- 
rotid gland tumors were treated with curative intent 
in the Department of Radiation Oncology. Of those, 
37 patients had died by the time of the study. Twenty- 
one of the 52 surviving patients agreed to receive a 
hearing examination. There were 15 female and 6 
male patients, ranging in age from 19 to 82 years, 
with a median age of 49 years. Twenty patients re- 
ceived postoperative RT after parotidectomy, and 1 
patient was treated with RT for recurrent tumor after 
surgery. The hearing evaluation was done 2 to 14 
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TABLE 1. CALCULATED COCHLEAR DOSE TO 
IPSILATERAL AND CONTRALATERAL EARS 


NTD (Gy) Ipsilateral Contralateral 
$20 0 12 
20.1-30 0 4 
30.1-40 0 2 
40.1-46 0 3 
46.1-55 3 0 
55.1-60 3 0 
60.1-65 9 0 
265 6 0 


NTD — normalized total dose calculated according to linear-qua- 
dratic model with o ratio of 3 Gy. 


years after irradiation. 


Fourteen patients were treated by the ipsilateral 
wedge pair technique. Of the 14 patients, 10 patients 
were treated with combined photon and electron 
beams and 4 patients were treated with photon beams 
only. The remaining 7 patients were treated with elec- 
tron beams only. The target volume included the en- 
tire parotid region with an adequate safety margin. 
The treatment planning for each case was reviewed 
and doses to both ears were recalculated by a senior 
physicist. The total target dose ranged from 48 to 70 
Gy, with a median dose of 60.8 Gy. The daily dose 
to the clinical target volume ranged from 1.8 to 2 


Gy. The dose distribution to the irradiated and con-, 


tralateral cochleas is shown in Table 1. Radiation was 
defined by biologically equivalent dose (normalized 
total dose; NTD) by the linear-quadratic model with 
an 0/B ratio of 3 Gy for the ear and normalization of 
the total dose at 2 Gy per fraction. 


Evaluation of hearing included an interview, a 
routine otorhinolaryngological examination, Amplaid 
type 455 tympanometry, pure tone audiometry with 
a Grason-Stadler GSI 33 audiometer, and measure- 
ment of speech reception threshold (SRT) and dis- 
crimination score. The possibility of tumor recurrence 
causing hearing loss was ruled out by detailed clini- 
cal examination and computed tomography (CT) if 
necessary. 


Bone conduction at 250, 500, 1,000, 2,000, 4,000, 
and 8,000 Hz was used as an end point to estimate 
the degree of cochlear damage. Pure tone thresholds 
were evaluated in a soundproof room by standard 
criteria using masking when indicated, and equip- 
ment was calibrated to national standards. The SRT 
and speech discrimination score (SDS) were done to 
measure the ability of a patient to understand speech 
well above his or her hearing threshold. The Phonet- 
ically Balanced Maximal (P-B Max) scores of the 
SDS were usually tested at hearing levels 30 to 40 
dB higher than the SRT. An objective hearing loss 


was defined as a mean difference in the hearing thresh- 
old between the irradiated and the contralateral ears 
of more than 15 dB in all frequency levels. Signifi- 
cant sensorineural hearing loss (SNHL) was defined 
as a 20-dB difference between the irradiated and con- 
tralateral ears for a minimum of 2 frequencies, as sug- 
gested by Anteunis et al.10 


The correlation between the individual SNHLs ob- 
served with different parameters was tested by lin- 
ear regression univariate analysis, with the signifi- 
cance level set at p < .05. 


RESULTS 


Subjective Evaluation. In the interview portion, 
no patients reported a significant difference in hear- 
ing between both ears before RT. Two patients had 
repeated otorrhea or infections at the lesion site pre- 
operatively. One patient had had neurofibromatosis 
since childhood, with no evidence of acoustic neu- 
roma noted in the preoperative CT scan. After com- 
pletion of RT, 5 patients (23%) reported deteriora- 
tion of hearing on the irradiated side. Two patients 
had several episodes of tinnitus on the irradiated side. 
One patient noticed contralateral tinnitus. Repeated 
external acoustic canal infections in the irradiated 
ear were found in 2 patients. 


Otolaryngological Evaluation and Tympanometry. 
Otolaryngological examination revealed intact ear- 
drums in both ears of all patients. The results of tym- 
panometry were classified into types A, B, and C, as 
proposed by Hayes and Jerger.!! On the irradiated 
ear, 8 patients (38%) had a type B tympanogram, 
which was most likely due to middle ear fluid accu- 
mulation. Actually, 6 of these 8 patients were found 
to have ear effusion during the otolaryngological 
checkup. In the rest, including the contralateral ears, 
a type A tympanogram, usually found in normal per- 
sons, was obtained. 


Audiometry. Because middle ear effusion may in- 
duce conductive hearing loss, the impairment caused 
by cochlear damage needs to be further evaluated by 
calculating the difference between the bone conduc- 
tion thresholds, masked if necessary, of the irradi- 
ated and contralateral ears. As shown in Fig 1, a 
marked hearing loss was found in the irradiated ears. 
Hearing loss of more than 15 dB for the irradiated 
ear was noted in 11 patients, 3 patients, 4 patients, 5 
patients, 6 patients, and 10 patients for the respec- 
tive frequency levels of 250, 500, 1,000, 2,000, 4,000, 
and 8,000 Hz. The mean hearing losses were 12.6 
dB, 4 dB, 5.7 dB, 4.8 dB, 7.9 dB, and 11.2 dB, re- 
spectively. This result suggests that sensorineural 
damage is acommon type of radiation-induced hear- 
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Fig 1. Audiometric results showing difference in deci- 
bels in bone conduction threshold between irradiated and 
nonirradiated ears at 250, 500, 1,000, 2,000, 4,000, and 
8,000 Hz. Solid lines represent mean values for every 
frequency. 


ing loss. However, in addition to the SNHL, a con- 
ductive deficit may contribute to the hearing loss. 
Five of the 8 patients with type B tympanograms had 
mixed-type hearing loss instead of pure SNHL, illus- 
trated by the representative pure tone audiogram in 
1] patient shown in Fig 2. 
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Fig 2. Audiogram showing significant unilateral mixed- 
type (predominantly sensorineural) hearing loss in 54- 
year-old female patient after radiotherapy for right pa- 
rotid tumor (estimated right and left cochlear doses are 
7,824 and 1,064 cGy, respectively). O — Air conduc- 
tion of right ear, unmasked; A — air conduction of right 
ear, masked; <— bone conduction of right ear, unmasked; 
[ — bone conduction of right ear, masked; x — air con- 
duction of left ear, unmasked; SRT — speech reception 
threshold; PB — Phonetically Balanced. 


TABLE 2. ASSOCIATION BETWEEN SUBJECTIVE 
(CLINICAL) AND OBJECTIVE (AUDIOMETRIC) 


HEARING LOSS 
Objective Subjective 
Hearing Loss* Hearing Loss pt 

250 Hz 
Yes 33% (4/12) 338 
No 11% (1/9) 

500 Hz 
Yes 63% (5/8) 0275 
No 0% (0/13) 

1,000 Hz 
Yes 71% (5/1) .001 
No 0% (0/14) 

2,000 Hz 
Yes 50% (4/8) 047 
No 8% (1/13) 

4,000 Hz 
Yes 17% (/é) ` 1.000 
No 27% (4/15) 

8,000 Hz 
Yes 20% (2/10) 1.000 
No 27% (3/11) 


*Defined as 15-dB loss of hearing threshold between irradiated and 
control ears. 


¥Fisher’s exact test (2-tailed), 


A subjective hearing loss is defined as any degree 
of hearing impairment reported by the patients. An 
objective hearing loss is defined as a mean differ- 
ence in the hearing threshold between the irradiated 
and the contralateral ears of more than 15 dB in all 
frequency levels. The correlation between subjective 
(clinical) and objective (audiometric) hearing loss 
was evaluated. A significant association was found 
only at 500, 1,000, and 2,000 Hz, which is the fre- 
quency range for audible speech (Table 2). Signif- 
icant SNHL was found in 9 patients. The incidence 
of subjective hearing loss (5/21 or 24%) is much low- 
er than the incidence of objective significant SNHL 
(9/21 or 43%), so radiation-induced hearing loss 
might be subclinical. 


The SRTs and SDSs were in accordance with the 
pure tone audiograms. The SRT results were almost 
equal to the hearing thresholds at 500, 1,000, and 
2,000 Hz. The SRTs for patients with significant 
SNHL and without SNHL ranged from 15 to 95 dB 
(median 35 dB) and 0 to 40 dB (median 15 dB), re- 
spectively. Normal tolerances for SDSs were set rang- 
ing from 88% to 100% as previously defined in the 
literature.!2 A P-B Max score of less than 88% in the 
irradiated ears was found in 3 of 9 patients with sig- 
nificant SNHL. All 3 patients with abnormal P-B Max 
scores had hearing thresholds of more than 40 dB in 
the audible speech levels (500 to 2,000 Hz). The re- 
maining 6 patients with significant SNHL but nor- 
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TABLE 3. RISK FACTOR ANALYSIS FOR RADIATION- 


INDUCED HEARING LOSS 
Patients With 
Risk Factor Hearing Loss* p 
Dose (to cochlea) 
260 Gy 60% (9/15) 0085 
<60 Gy 0% (0/6) 
Age 
250 y 67% (8/12) UR 
<50 y 11% (1/9) 
Type B tympanogram 
Yes 88% (7/8) 02 
No 15% (2/13) 


*Defined as 20-dB loss of hearing threshold between irradiated and 
control ears for at least 2 frequencies. 


mal P-B Max scores had either a hearing threshold 
of less than 40 dB or a hearing loss mainly in the 
higher-frequency regions (4,000 to 8,000 Hz). Un- 
der both conditions, P-B Max scores may not change. 
This finding suggests that the significant hearing loss 
in the audible range of the irradiated ears was caused 
by neural damage. With regard to the 12 patients with- 
out significant SNHL, only 1 patient had similar ab- 
normal P-B Max scores in the irradiated and contra- 
lateral ears, suggesting presbycusis. 


The effect of dose and other possible factors caus- 
ing significant SNHL was further evaluated. As shown 
in Table 3, the radiation dose and development of a 
type B tympanogram were significantly related to 
SNHL. Nine (60%) of the 15 patients with a cochlear 
dose higher than 60 Gy developed clinically relevant 
hearing loss, with no hearing impairment noted for 
patients receiving doses less than 60 Gy (p < .01). 
Seven of 8 (88%) patients with type B tympanograms 
had significant SNHL, but only 2 of the 13 patients 
(15%) with type A tympanograms developed SNHL 
(p < .05). The effect of age at the time of examina- 
tion on SNHL cannot be fully evaluated due to the 
limited case number, although its p value reached 
borderline significance (p = .08). The median fol- 
low-up for patients with significant SNHL was 7.22 
years as compared to 5.78 years for patients without 
SNHL, with no statistically significant difference (p 
= .41). The follow-up time is not a prognostic factor 
for hearing loss. As shown in Table 4, there was a 
strong correlation between the radiation dose and the 
development of a type B tympanogram and SNHL. 
All patients developing type B tympanograms or sub- 
jective hearing loss had a cochlear dose greater than 
or equal to 6,000 cGy. It is possible that the associa- 
tion between the development of a type B tympano- 
gram and SNHL is due to a higher radiation dose. 
We concluded that radiation dose is the most impor- 
tant factor in sensorineural, conductive, and subjec- 


TABLE 4. CORRELATION BETWEEN RADIATION DOSE 
AND SIGNIFICANT SNHL, TYPE B TYMPANOGRAM, 
AND SUBJECTIVE HEARING LOSS 


Radiation Subjective 
Dose to Significant Type B Hearing 
Cochlea SNHL Tympanogram Loss 

26,000 cGy 9/15 (60%) 8/15 (53%) 5/15 (33%) 
<6,000 cGy 0/6 (0%) 0/6 (0%) 0/6 (0%) 


SNHL — sensorineural hearing loss. 


tive hearing loss. 
DISCUSSION 


In this study, we investigated the radiation-induced 
hearing impairment of patients with unilateral malig- 
nant parotid tumors by using the contralateral ear as 
an internal control. This study is flawed because of 
its retrospective nature and the unavailability of a 
pre-RT baseline value. However, results from other 
studies showing that surgery of parotid tumors did 
not affect hearing function!> and that the contralateral 
ear could be used as an internal control!’ support the 
conclusion that our study is valuable and could be 
used to answer the questions we tried to address. 


In the tympanometry study, all type B tympano- 
grams occurred in irradiated ears. This could be par- 
tially explained by serous effusion in the middle ear 
and disturbance of ventilation and drainage caused 
by edema of the mucous membrane, which leads to 
obstruction of the eustachian tube.!4 In an animal 
study, Ohashi et al’ noted serous effusions in the tym- 
panic cavities of guinea pigs irradiated with a single 
dose of 30 Gy. They also noted degeneration of cilia 
or ciliated cells and capillary injury with increased 
permeability. Berg and Lindgren!® also found that 
fibrosis in the walls of the middle ear and a thick- 
ened, fibrotic mucous membrane developed in the ears 
of rabbits 52 weeks after they received a high radia- 
tion dose of 30 Gy in a single fraction or a total dose 
of 105 Gy in a fraction size of 3.5 Gy. In human stud- 
ies, persistent otitis media develops, with a low but 
regular incidence varying between 2% and 14%.*® 
Huang and Chu! reported that 44% of 1,032 NPC 
patients treated for 7 to 8 weeks with bilateral oppos- 
ing fields of 4,600 cGy and anterior oblique fields at 
another 2,400 cGy to the nasopharynx developed 
postirradiation ear trouble due to eustachian tube ob- 
struction. In our study, 8 of 21 patients developed a 
type B tympanogram. Five of them had mixed-type 


_ hearing loss and 6 had ear effusion at the otolaryn- 


gological checkup, suggesting that conductive hear- 
ing loss may also contribute to the radiation-induced 
hearing impairment. In a prospective study, Kwong 
et al!” showed that among NPC patients, a high inci- 
dence of SNHL was found in patients with postirra- 
diation serous otitis media (46.9%). Further multivari- 
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ate analysis confirmed that postirradiation serous oti- 
tis media was a significant prognostic factor for per- 
sistent SNHL. In our study, we also found a similar 
association between patients receiving doses above 
60 Gy and a type B tympanogram and significant 
SNHL. An association between chronic otitis media 
(COM) and SNHL is controversial in the literature. 
Paparella and Brady'® reported absolute bone con- 
duction losses between 18 and 33 dB across the fre- 
quency range of 500, 1,000, 2,000, and 4,000 Hz in 
patients with COM. They explained that insidious 
SNHL may be caused by trans—round window bio- 
chemical alteration of first the perilymph and then 
the endolymph, resulting in gradual end organ dys- 
function.!8 However, other investigators indicate that 
the association of SNHL with COM is less signifi- 
cant, ranging from —0.5 to 12.8 dB across the frequen- 
cies.!96 In our study, we defined significant SNHL 
as a difference of 20 dB or more for at least 2 fre- 
quencies between irradiated and contralateral ears. 
We cannot prove whether a type B tympanogram or 
long-term ear effusion contributed to SNHL or wheth- 
er they were just another manifestation of individual 
sensitivity to radiation. However, the middle ear prob- 
lem usually occurs before permanent sensorineural 
damage and can be used as a prognosticator for sub- 
sequent SNHL. 


Concerning radiation damage to the cochlea, much 
histologic evidence has been brought out in the lit- 
erature. In the study of Gamble et al.7! animals were 
irradiated with doses of 5, 10, 20, 30, 40, 50, or 60 
Gy. The earliest changes were seen in the stria vascu- 
laris with a dose level above 30 Gy. As the dose in- 
creased to 50 to 60 Gy, changes in hair cells with 
cell boundary dissolution and elevation of the tecto- 
rial membrane were found. Atrophy of the stria vas- 
cularis, spiral ligament, and basilar membrane, necro- 
sis of the organ of Corti, and an absence of neural 
elements were also seen in human studies.” Bohne 
et al?4 reported that the delayed effects of radiation 


"3 


in the ears of chinchillas consisted of degeneration 
of sensory and supporting cells and loss of & nerve 
fibers in the organ of Corti. In our study, we used the 
bone conduction threshold at each frequency level 
to evaluate SNHL. The incidence varies from series 
to series. Anteunis et al!? reported in a prospective 
study that up to 50% of the patients (9 of 18) devel- 


oped both clinically relevant conductive loss and 
SNHL in the irradiated ear. The contralateral ear re- 
mained unaltered. They suggested that a total dose 
of 50 Gy, with a daily fraction of 2 to 2.5 Gy. might 
induce significant changes in the inner ear as well as 
in the auditory nerve and auditory brain stem. Grau 
et al? found a significantly higher incidence of SNHL 
with doses above 50 Gy. In our study, the incidence 
of significant objective unilateral hearing impairment 
is 42.8% (9/21). Significant hearing impairment was 
only seen in those patients whose cochlear doses were 
higher than or equal to 60 Gy, and this finding sug- 
gests that doses of less than 60 Gy delivered by con- 
ventional daily fractionation are relatively safe. This 
safe dose range is higher than that in some reports. 
but similar to that suggested by Schot et al? who 
found that a dose to the cochlea of less than 55 Gy 
seldom caused hearing loss, in contrast to doses ex- 
ceeding 65 Gy. According to our results, the toler- 
ance dose of the inner ear should be between 5.000 
and 6,000 cGy. The “TDs5/5,” denoting a 5% compli- 
cation probability over 5 years, for SNHL set at 60 
Gy by Emami et an is in agreement with our find- 
ings. The SRT and P-B Max scores further support 
the belief that the damage to hearing was caused by 
neural dysfunction. 


We conclude that RT can induce significant hear- 
ing loss in the irradiated ear, especially when the co- 
chlear dose is higher than 60 Gy. In application to 
clinical practice, we will use 60 Gy as the tolerance 
dose for the inner ear in 3-dimensional computer- 
aided treatment planning for various head and neck 
tumors. 
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PROGRESSIVE SENSORINEURAL HEARING IMPAIRMENT IN 
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There have been many reports of a high rate of hearing impairment in divers. A prospective study was performed to determine 
whether sensorineural hearing acuity in the same divers deteriorated faster than in a normal population as they continued diving. 
After an observation period of approximately 5 years, audiometric examination was performed on a group of professional fishery 
divers who had normal hearing or sensorineural hearing loss at the time of initial study. Thirty-three ears of 18 divers were included 
in statistical analyses. The average hearing deterioration in the divers in 5 years, after elimination of the aging effect, was 6.6 dB (SD 
4.5) and was statistically significant. We concluded that the hearing acuity of our subjects deteriorated faster than that of normal 


Japanese. 


KEY WORDS — diving, hearing, hearing impairment. 


INTRODUCTION 


Whether diving has a harmful effect on hearing is 
controversial. Some authors have indicated that div- 
ing per se does not result in auditory impairment. 
Shilling and Everley! concluded from their study of 
submarine personnel and divers that diving did not 
cause hearing losses unless associated with aero—oti- 
tis media. Brady et al? performed an audiometric sur- 
vey of navy divers and found no significant differ- 
ence in results compared to those of a normal popu- 
lation of nondivers. Brink? also detected no signifi- 
cant differences in hearing sensitivity between navy 
divers and nondiving navy men. 


On the other hand, some investigators have de- 
scribed a high rate of hearing impairment in divers. 
Borasi and Sperati* found hearing loss in 56% of 108 
professional divers, and stated that the percentage of 
hypoacusis is bound to the time the subaqueous ac- 
tivity was continued. Zannini et al? examined the hear- 
ing acuity of 123 professional divers and found that 
76.9% of them had impaired hearing, a percentage 
significantly higher than that for comparable nondiv- 
ers. Dembert et al® reported that the average audi- 
tory acuity of navy divers (mean age 28.3 years) is 
comparable to that observed in the general popula- 
tion at age 50 to 59 years. Edmonds’ surveyed pro- 
fessional abalone divers and found that over 60% 
had unacceptable sensorineural, high-frequency deaf- 
ness. 


We performed an audiometric survey of a group 


of 31 professional fishery divers from Kohzu Island 
of Japan in March 1989. The results of this investi- 
gation have been reported elsewhere (Ohgaki et al,8 
1992). Briefly, we found that 71% of ears (44 of 62 
ears) had sensorineural hearing loss, and of these, 
27.2% exhibited low-frequency loss, 31.8% high-fre- 
quency loss, and 41.0% high- and low-frequency loss. 
In addition, it appeared that the severity of hearing 
loss was related to the number of years of diving. 
There was only 1 ear in 1 subject with a past history 
of acute sensorineural hearing loss thought to be 
caused by inner ear barotrauma, and in all other cases, 
sensorineural hearing loss appeared to progress chron- 
ically with continuation of diving. 


Although we found that the rate of sensorineural 
hearing loss was quite high among our subjects, it 
remained uncertain whether their sensorineural hear- 
ing impairment was actually progressing with time. 
The purpose of the present study was to determine 
whether sensorineural hearing acuity in the same div- 
ers deteriorated faster than that in a normal popula- 
tion as they continued diving. We performed this pro- 
spective study after an observation period of approx- 
imately 5 years. 


MATERIALS AND METHODS 


Subjects. Kohzu Island is a small Pacific island in 
Japan with a population of approximately 2,400. Pro- 
fessional fishery divers on the island perform fish- 
ing almost every day, except in winter or during bad 
weather. In summer, they engage in traditional otko- 
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mi fishing, in which the divers drive fish into a fixed 
net, while wearing diving gear with compressed air 
hoses. In spring and fall, they skin-dive to obtain lob- 
sters and seaweed. Diving is performed mainly at 12 
to 18 m of depth, and sometimes at 20 to 30 m. 


Of the 31 fishery divers that were studied in March 
1989, 19 were reexamined at Kohzu Island National 
Health Insurance Clinic in November 1993, All were 
male. Of those who were reexamined, all but 1 had 
normal hearing or sensorineural hearing loss at the 
time of the initial examination. The 1 patient who 
had exhibited mixed hearing impairment due to re- 
peated otitis media was excluded from this study, 
since our aim was to examine how diving affects the 
sensorineural hearing system. The mean age of the 
remaining 18 subjects was 41.4 years (SD 11.9), and 
their diving experience ranged from 6 to 45 years 
(mean 22.6, SD 13.9) at the time of reexamination. 


Methods. As in the initial examination, previous 
ear disease was questioned for in detail, especially 
to confirm the absence of inner ear barotrauma and 
decompression sickness during and after diving. In 
addition, we confirmed the absence of other diseases 
associated with sensorineural hearing loss such as 
hematologic disease, hypertension, diabetes, syphi- 
lis, etc. One of the authors, who had performed the 
same examination in the initial study, checked the 
ears using an otoscope and measured the audiomet- 
ric acuity of all subjects. 


Since there is no soundproof room on Kohzu Is- 
land, the hearing acuity of the subjects was tested in 
a room in the clinic that was the same room used for 
the initial study. Although the background noise was 
not checked, we believe our data are reliable, since 
the room was very quiet and the hearing acuities of 
the authors measured in the room were almost the 
same as those measured in the soundproof room of 
our hospital. The audiometer used (AA-63C, RION, 
Tokyo, Japan) was also the same one used for the 
initial examination, and was calibrated according to 
International Standards Organization standards. Air 
conduction thresholds were determined for the fre- 
quencies 125, 250, 500, 1,000, 2,000, 4,000, and 
8,000 Hz. Bone conduction thresholds were mea- 
sured only when the air conduction thresholds ex- 
ceeded 20 dB, to ensure that hearing loss was senso- 
rineural. In air conduction measurements, masking 
for the lower-threshold ear was performed when the 
difference between ears was 40 dB or more. In bone 
conduction tests, masking for the contralateral ear 
was routinely performed. If the hearing loss exceeded 
the maximum output of the audiometer, the value of 
hearing loss was defined as maximum output +5 dB. 


Statistical Analyses. To represent the hearing acu- 


ity of each ear, we defined “average hearing level” 
as (a + 2b + 2c + d)/6, where a, b, c, and d are the 
hearing thresholds at 500, 1,000, 2,000, and 4,000 
Hz, respectively. We calculated the value for each 
ear in the former and the latter years to determine | 
how hearing acuity had changed over 5 years. 


Since age greatly affects hearing acuity, elimina- 
tion of this effect must be performed prior to evalu- 
ation of results. We subtracted the hearing level of 
normal subjects at the corresponding age from the 
measured hearing level of our subjects to eliminate 
the effect of aging on hearing acuity. The resulting 
value was hypothesized to be the hearing loss caused 
by diving. The mean hearing thresholds of otologi- 
cally healthy Japanese men not working in noisy cir- 
cumstances were reported by Okamoto.? In his study, 
he examined a large number of normal subjects and 
determined mean hearing thresholds for each fre- 
quency (250, 500, 1,000, 2,000, 4,000, 8,000 Hz) in 
different age groups. Using his data, we calculated 
the average hearing levels of normal subjects at 25, 
33, 38, 43, 48, 53, 58, and 63 years of age. To deter- 
mine mean hearing thresholds for subjects whose 
ages were between those given in his report, we used 
interpolation assuming that hearing change by age 
is linear. Since Okamoto’s report did not include mean 
hearing thresholds for those less than 25 years old, 
we used the thresholds at 25 years for subjects under 
25 years. 


To determine which frequencies were most af- 
fected, we used a similar method. First, we subtracted 
the mean hearing levels of normal subjects at the cor- 
responding age from the measured hearing levels of 
our subjects by frequency (250, 500, 1,000, 2,000, 
4,000, 8,000 Hz). The resulting values were hypoth- 
esized to be the diving-related hearing losses at each 
frequency at a certain age. Next, we calculated the 
mean + SD of these values in 1989 and 1993 sepa- 
rately by frequency. Finally, we calculated the mean 
+ SD of the 5-year difference in the values for the 
identical ears by frequency, which we hypothesized 
to be the age-adjusted hearing deterioration caused 
by diving in 5 years. 


The paired Wilcoxon test and Wilcoxon-Mann- 
Whitney test were used to determine the significance 
of differences. 


RESULTS 


Of the 36 ears of the 18 subjects, 3 were excluded 
from this study: 1 because of acute otitis media, | 
for a perforated tympanic membrane, and 1 for my- 
ringitis. Therefore, 33 ears (16 left, 17 right) in 18 
subjects were included for statistical analyses. Air- 
bone gaps were negligible in all these ears. 
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Fig 1. A) Average hearing levels of divers (33 ears) in 
March 1989 and November 1993 (closed circles con- 
nected by straight line) and that of normal Japanese men 
(data from Okamoto’; closed squares). B) Results of sub- 
traction of average hearing levels of normal Japanese men 
at corresponding ages from those of divers in March 1989 
and November 1993. 


The average hearing levels of the 33 ears in the 
initial and most recent examinations are plotted in 
Fig 1A, along with those of normal Japanese given 
in Okamoto’s? report. Figure 1B shows the values 
obtained by subtracting average hearing levels of nor- 
mal subjects at corresponding ages from those of the 
divers. The results clearly indicate that the hearing 
acuity of our subjects tended to deteriorate faster than 
that of controls. The average hearing deterioration 
in divers in 5 years after elimination of the aging 
effect was 6.6 dB (SD 4.5), and the deterioration was 
significant (p < .0001, paired Wilcoxon test). On ex- 
amination of age-adjusted hearing deterioration by 
frequency, 1,000 Hz was the most affected, followed 
by 500 Hz, and the hearing deteriorations at 500, 
1,000, and 2,000 Hz were significant (see Table). 


To compare young and old subjects, we divided 
our subjects into 2 groups: those not exceeding 40 


RESULTS OF SUBTRACTION OF MEAN HEARING 
THRESHOLD OF NORMAL SUBJECTS AT 
CORRESPONDING AGES FROM THAT OF DIVERS 
IN MAY 1989 AND NOVEMBER 1993, AND AGE- 
ADJUSTED HEARING DETERIORATION IN 5 

| YEARS (MEAN + SD) 


Result of Subtraction of 


Mean Hearing Threshold  Age-Adjusted 
of Normal Subjects From Hearing 
Frequency That of Divers (dB) Deterioration 
(Hz) In 1989 In 1993 in 5 y (dB) 
250 19.449.9 22.4 + 10.3 3.0+9.9 
(p = .39) 
500 16.3 + 8.6 22.9 + 9.4 6.6 + 10.0 
(p = .0045) 
1,000 8.6 + 5.5 19.3 + 6.8 10.7 + 6,2 
(p < .0001) 
2,000 15.44 21.4 19.3 +21.0 3.9 + 6.0 
(p = .0015) 
4,000 22.5425.6  26.0421.6 IIED 
(p = .063) 
8,000 24.8 +25.9 28.5 +28.0 3.8 + 12.2 
(p = .25) 


years and those over 40 years of age at the time of 
reexamination. The average hearing deterioration 
after eliminating the aging effect was 5.5 dB (SD 
4.6) in the former group and 7.6 dB (SD 4.2) in the 
latter. Although the deterioration was greater in the 
group of older subjects, the difference was not sig- 
nificant (p = .25, Wilcoxon-Mann- Whitney test). 


The audiograms of 3 representative cases for March 
1989 and November 1993 are shown in Fig 2. 


DISCUSSION 


As noted in the Introduction, there have been many 
studies of hearing impairment in divers. However, 
most have not been prospective, but rather, cross- 
sectional studies. To the best of our knowledge, only 
1 study of this type of hearing impairment using a 
prospective method is available. This study, per- 
formed by Molvær and Albrektsen,!9 was conducted 
on 116 professional divers with an observation pe- 
riod of approximately 6 years. They concluded. that 
divers’ hearing deteriorated faster than that of un- 
screened nondivers, consistent with our findings. 
Molvær and Lehmann!! stated that their subjects in- 
cluded various kinds of divers, and that many of them 
were exposed to high noise levels. Our subjects, on 
the other hand, are more homogeneous and had had 
less noise exposure, similar to those studied by Ed- 
monds.” Our subjects’ diving schedules were com- 
paratively similar, although there were some differ- 
ences from person to person. 


Our results clearly show that the hearing of divers 
deteriorated faster than that of normal subjects, con- 
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sistent with the findings of Molvær and Albrektsen. !0 
They made statistical analyses hypothesizing that div- 
ers’ hearing would deteriorate linearly with amount 
of diving experience. However, our results indicate 
that the time course of hearing deterioration is more 
complex than they assumed. The amount of deterio- 
ration we detected differed considerably from per- 
son to person (Fig 1) and sometimes from left to right 
ears in an individual (see Fig 2B as an example) dur- 
ing the same period. 


Most previous investigators found that greater 
hearing deterioration in divers occurred at high fre- 
quencies. In our subjects, however, age-adjusted hear- 
ing deterioration in 5 years was significant only at 
500, 1,000, and 2,000 Hz. There appear to be 2 rea- 
sons for this. First, diving methods, schedules, and 
noise circumstances during diving differ between the 
subjects in previous studies and ours. In particu- 
lar, previous studies tended to include subjects who 
were exposed to high noise levels during diving. In 
these circumstances, the influence of acoustic trauma, 
which often causes high-frequency sensorineural 
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Fig 2. Audiograms of representative cases. O and 
x indicate right and left ear air conduction scores, 
respectively; [ and ] represent right and left ear 
bone conduction scores, respectively. Left audio- 
grams were obtained in March 1989, and right au- 
diograms in November 1993. A) 27-year-old diver 
with 6 years of diving by 1993. B) 43-year-old 
diver with 28 years of diving by 1993. C) 57-year- 
old diver with 43 years of diving by 1993. 
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hearing loss, cannot be ruled out. Second, our study 
was an age-adjusted prospective study, while most 
of the previous studies were not. Since age greatly 
affects hearing acuity, particularly at high frequen- 
cies, previous studies may have confused the effects 
of aging and diving on hearing. 


The cause of hearing deterioration in our subjects 
is unclear. Decompression sickness seems unlikely, 
since there was no history of acute hearing loss or 
decompression sickness in any of the organ systems 
in our subjects. Clinical inner ear barotrauma may 
have contributed to the hearing deterioration to some 
extent, since a few divers mentioned having experi- 
enced the sensation of ear squeezing while diving. 
Nevertheless, it seems unlikely that clinical inner ear 
barotrauma was the main cause of hearing deteriora- 
tion, since most of the divers did not experience this 
sensation, and even those who did did not notice any 
hearing loss after it. 


It is possible that repeated compression and de- 
compression was the cause of hearing deterioration 
in our subjects. Zannini et al? mentioned that repeated 
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minor unnoticed barotrauma may have the greatest 
importance in the genesis of hearing loss in divers. 
In an animal study, Wilkes et al!* showed, using mini- 
pigs, that cochlear degeneration, particularly loss of 
hair cells, was observed after a degree of repeated 
compression-decompression exposure that is gener- 
ally thought to be safe for humans. Since human div- 
ers make efforts to equalize middle ear pressure dur- 


ing dives, whereas minipigs presumably do not, as 
stated in the report of Wilkes et al, their results can- 
not be applied in any simple fashion to determina- 
tion of the cause of hearing impairment in divers. 
Nevertheless, their results suggest that minute hair 
cell damage might occur with repeated, long-term 
compression-decompression cycles in professional 
divers. 
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SPONTANEOUS VERTEBRAL ARTERY DISSECTION 
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A patient with acute vertigo, and normal findings on neurologic examination, was found to have vertebral artery dissection 
(VAD). This case shows that the clinical picture of VAD can mimic vertigo of labyrinthine (ie, peripheral) origin. 


KEY WORDS — chiropractic manipulation, vertebral artery dissection, vertebrobasilar system, vertigo. 


INTRODUCTION 


Vertebral artery dissection (VAD) is an uncom- 
mon disorder in which blood finds its way into the 
wall of the artery, probably through a tear in the endo- 
thelial surface, causing brain ischemia or subarach- 
noid hemorrhage.' In most patients, symptoms and 
signs develop gradually within hours to days. These 
include prominent headache, typically unilateral, as 
well as localized upper cervical: pain. Features of 
lateral medullary syndrome are usually present, with 
symptomatic vertigo, ataxia and falling toward the 
side of the lesion, loss of the sense of pain and temper- 
ature sensation of the ipsilateral face and contralateral 
body, dysphagia with ipsilateral palate and vocal cord 
paralysis, and ipsilateral Horner’s syndrome.” Mokri 
et al? found that in 25 patients with spontaneous VAD, 
the initial manifestation was pain in 60% (headache 
or neck pain), focal neurologic deficit in 20%, and 
vertigo and oscillopsia in 20% of cases. These initial 
symptoms usually stabilize in 1 to 2 weeks, leaving 
fluctuating ischemic symptoms that last for months. 
Repeated arteriographic studies have shown that at 
least 85% of cases resolve, or substantially improve, 
within 2 to 3 months.34 


Vertebral artery dissection is the most common 
cause of lateral medullary syndrome in young adults. 
The mean age is about 40 years. The mechanism of 
injury is usually neck torsion, but the precise patho- 
genesis is unclear, and may include frequent or sud- 


den neck movement, trauma, chiropractic manipula- 
tion, intubation, and swimming.>-!° Cervical rotation 
and extension can compress the carotid and verte- 
bral arteries against bony structures, possibly precip- 
itating dissection in predisposed subjects.* 


The diagnosis of VAD is confirmed by the charac- 
teristic angiographic findings, which include scal- 
loped, irregular narrowing (with or without a pseudo- 
aneurysm) and a double lumen. 


We present an unusual case of VAD mimicking 
an acute attack of peripheral vertigo. 


CASE REPORT 


A 35-year-old, healthy man was admitted to the 
emergency room of the Hadassah University Hospi- 
tal with acute, severe vertigo accompanied by nau- 
sea, vomiting, and unsteadiness that had lasted for a 
few hours. The vertigo started while he was repair- 
ing an industrial air conditioning system. There were 
no other complaints such as headache or neck pain. 
On admission he appeared pale, with vomiting. A 
spontaneous third-degree, right-beating nystagmus 
with a rotatory component was observed. The find- 
ings of the rest of the physical and otolaryngological 
examination were within normal limits. A full neuro- 
logic and neuro-ophthalmologic examination showed 
no evidence of a focal neurologic deficit, and the di- 
agnostic impression was one of peripheral vertigo 
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Fig 1. Axial T2-weighted magnetic resonance image 
show s acute large right cerebellar infarction in distribu- 
tion of right posterior inferior cerebellar artery. 


(ie, labyrinthine dysfunction). The audiological eval- 
uation consisted of pure tone audiometry, speech re- 
ception threshold, speech discrimination, tympanom- 
etry, acoustic reflex, and auditory brain stem response 
(ABR) measurements, all of which were completely 
normal. 


Computed tomography (CT) was performed, as 1s 
the protocol at our hospital for patients presenting 
with acute, severe vertigo. An infused CT scan of 
the brain showed asymmetric dilatation of the ven- 
tricular system. Therefore, magnetic resonance Im- 
aging (MRD of the head showed aqueductal narrow- 
ing. Acute right cerebellar infarction in the posterior 
inferior cerebellar artery territory was also seen (Fig 
1), which occupied the lower part of the cerebellum 
including the caudal vermis, yet the brain stem was 
intact. Angiography of the carotid and vertebral ar- 
teries demonstrated severe stenosis of the right ver- 
tebral artery at the C6-7 level, which was compati- 
ble with VAD (Fig 2). 


The patient was hospitalized for 11 days and was 
treated with intravenous heparin sodium and symp- 
tomatic treatment (antiemetics, fluid hydration). He 
was released from the neurology department in stable 
condition, with complete resolution of his vertigo. 
During 6 months of follow-up, there was no recur- 
rence of symptoms. 





Fig 2. Angiography of neck vessels demonstrates 6.5- 
cm stenosis of proximal right vertebral artery at C6-7 
level. consistent with dissection. Posterior mferior cere- 
bellar artery is normal. Right and left common caroud 
and left vertebral arteries are normal. 


DISCUSSION 


The differentiation between central and periphera J 
origins of vertigo is usually difficult on the basis of 
clinical examination alone. The differential diagno- 
sis is generally based on documentation of concomi- 
tant auditory and neurologic symptoms, enabling dis- 
crimination between central and peripheral vertigo. 
Therefore, a full audiovestibular evaluation is essen- 
tial, but may not be adequately sensitive for anterior 
and posterior fossa lesions. The clinician has to distin- 
guish between a benign peripheral vestibular disease 
and a more serious and dangerous situation. tl 


Vertebral artery dissection is one of the most im- 
portant causes of posterior circulation stroke in 
healthy young and middle-aged adults. The distinc- 
tion that is made between spontaneous dissection and 
dissection associated with minor a a appears to 
be arbitrary in literature reports.4'-"!* Spontaneous 
VAD is only infrequently SS and usually, clear 
signs of brain stem or cerebellar syndrome are ob- 
served. Dissection of the vertebral artery probably 
occurs more often than is currently recognized.’ 
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Obstruction of the vertebral artery can influence 
the blood supply to the brain stem and to the inner 
ear. The blood supply to the cerebellum occasional- 
~ ly includes the posterolateral medulla territory that 
contains the vestibular nuclei.!> These nuclei are lo- 
cated in the fourth ventricle floor in the posterolat- 
eral area of the medulla. 


In 1967, Bostrom and Liliequist® reported on a case 
of renal artery and vertebral artery dissections in a 
patient who died with renal failure, and there were 
no notes of any neurologic signs or symptoms. Hu- 
genholtz et ap reported in 1982 on a case of verte- 
bral artery dissecting aneurysm at the level of C4-5, 
in which the patient presented with headache and 
neck pain but had no neurologic deficits. Caplan et 
al’ reported in 1985 on 5 patients with VAD. All had 
headache and neck or occipital pain, and 4 had neuro- 
logic abnormalities, including elements of lateral 
medullary syndrome. Chiras et al!’ reported in 1985 
on 15 patients with spontaneous VAD, 5 of whom 
had bilateral dissections. Ten patients had suffered 
strokes in the vertebrobasilar distribution, consist- 
ing of Wallenberg’s syndrome in 4 cases. In 8 cases, 
neck pain preceded a stroke, and in 4 cases there was 
posterior headache. Most of the patients were female. 


In the present report, a young adult presented with 
acute severe vertigo accompanied by strong nystag- 
mus that was of a horizontal-rotatory type, typical 
of the nystagmus of a peripheral vestibular lesion. 
The patient’s examination findings were otherwise 
normal, including normal audiological tests. Because 
of his condition (severe vertigo), electronystagmog- 
raphy could not be done, and was postponed ulti- 
mately, when the MRI and angiography indicated the 
correct diagnosis. 


To our knowledge, this is the only reported case 
of spontaneous VAD presenting with acute vertigo 
as the only symptom. Recently, there was a report of 
a young patient who developed sudden vertigo and 
was considered to have VAD, which gave rise to low- 
er motor neuron deficit.!8 This patient had an acute 
vestibular crisis, left neck pain, and headache. Be- 
fore the onset of symptoms, he had tinnitus and neck 
pain, which were followed by complete hearing loss 
in the left ear. His examination revealed a mild uni- 


lateral left-hand drift, and abnormal heel-shin test. 
This is the only case in which the main symptoms of 
VAD were otologic. In our patient, the only symp- 
tom of VAD was the vestibular manifestation. 


Occlusion of the vertebral artery may result in cer- 
ebellar infarction without accompanying brain stem 
involvement, and in these cases, typical brain stem 
signs do not occur. The presence of prominent cere- 
bellar signs (eg, ataxia of gait and extremities) is the 
key to the diagnosis. !?:20 


In the present case, selective damage to the pa- 
tient’s vestibular labyrinth is unlikely, as one would 
have expected hearing loss due to the higher sensi- 
tivity of the cochlea to a vascular insult. Therefore, 
the vertigo in the above patient is most probably due 
to his brain stem lesion, that is, an injury to the vestib- 
ular nuclei. 


The present case is unique in that it was character- 
ized by a benign course and symptomatology that 
mimicked the peripheral type of vertigo. It was not 
accompanied by any other neurologic signs. Migrain- 
ous ischemia can mimic VAD, with vasospasm caus- 
ing irregular stenosis of the vertebral artery.”!-22 Ver- 
tigo alone has not been reported as mimicking VAD, 
and if vertigo was reported, it came with other symp- 
toms. 


The evaluation of a patient presenting with acute 
severe vertigo must include a full neurologic and oto- 
laryngological examination. If there are no other clin- 
ical symptoms but the patient looks very ill, and there 
are no other explanations for the severe vertigo, an 
enhanced MRI must be considered to rule out a cer- 
ebellar infarction. It should be remembered that one 
of the differential diagnoses of vestibular neuronitis 
is cerebellar infarction. Due to the potential cata- 
strophic outcome of this condition, a high level of 
suspicion should be maintained by both neurologists 
and otolaryngologists in patients with sustained verti- 
go, even if no neurologic abnormalities are observed. 


Because neck torsion can affect vertebral artery 
blood flow and potentially contribute to the dissec- 
tion, limitation of neck mobility by means of a soft 
cervical collar and restricted activity for afew weeks 
has been recommended. ! 
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ORBITAL BLOWOUT FRACTURE WITH PERSISTENT MOBILITY 
DEFICIT DUE TO FIBROSIS OF THE INFERIOR RECTUS MUSCLE 


AND PERIMUSCULAR TISSUE 
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UBE, JAPAN 


A case of orbital blowout fracture accompanied by fibrosis of the inferior rectus muscle resulting in an irreversible orbital 
mobility deficit is reported. An 8-year-old girl with an orbital blowout fracture was treated with steroids for 10 days, as with other 
cases in our department. She exhibited a disturbance of vertical eye movement and a positive forced duction test result. Although 
surgery was performed on day 13, and on day 27 due to poor recovery after the first operation, almost no improvement of the ocular 
movement was noted. The results of a traction test, performed during the second operation, suggested that the inferior rectus muscle 
bad adhered to the periosteum. Magnetic resonance imaging performed 3 days after the second operation revealed fibrosis of the 
inferior rectus muscle and perimuscular tissue, resulting in an irreversible disturbance of the vertical ocular movement. The present 
findings suggest that the need for and timing of surgery in patients with blowout fractures should be determined on an individual 


basis. 


KEY WORDS — blowout fracture, fibrosis, inferior rectus muscle, magnetic resonance imaging. 


INTRODUCTION 


The indications for and timing of surgery for orbi- 
tal blowout fractures are controversial.!© At our in- 
stitution, we have typically performed surgery only 
if eye movement does not improve after about 2 
weeks of conservative therapy.’ Surgery was per- 
formed in the present case 13 days after the initial 
injury, but no improvement in the patient’s mobility 
deficit was observed; hence, earlier surgical interven- 
tion may be indicated in some patients with orbital 
blowout fractures. 


CASE REPORT 


An 8-year-old girl lost consciousness after falling 
from a horizontal bar at her school on September 21, 
1994, and was referred to a nearby hospital. A com- 
puted tomography scan revealed subdural effusion, 
and she was hospitalized for 2 days for neurologic 
observation. She reported double vision, and dis- 
turbed movement of the left eye was detected during 
hospitalization. After being discharged, she went to 
the nearest eye clinic 3 days after the injury and was 
then referred to our department. A blowout fracture 
on the left side was diagnosed based on disturbances 
of the upward and downward gaze and a positive 
result on a forced duction test. Although surgical ther- 
apy was recommended, she was treated conserva- 
tively with steroids because of the persistence of sub- 
dural effusion. Since conservative therapy caused no 


improvement in eye movement, she underwent sur- 
gery by the transantral approach 13 days after the 
injury. Orbital tissue that had prolapsed through the 
linear fracture along the infraorbital groove was re- 
placed, but a postoperative traction test revealed only 
slight relief of the restricted eye movement, and spon- 
taneous movement was not improved, except for a 
slight improvement in the downward gaze. There- 
fore, the orbital floor was surgically exposed by the 
transeyelid approach 14 days after the first opera- 
tion. When the periosteum of the orbit was lifted, 
the orbital tissue was found to have been replaced 
properly. No orbital soft tissue had prolapsed into 
the maxillary sinus, but scar formation was noted at 
the site of the orbital periosteum through which the 
tissue appeared to have prolapsed initially. A trac- 
tion test revealed severe restriction, even when the 
orbital periosteum was raised; and the periosteum 
showed marked tension at the site of the scarring 
when the inferior rectus muscle was pulled, as if the 
muscle had adhered tightly to the periosteum. Be- 
cause further manipulation inside the orbital perios- 
teum was not considered feasible, the operation was 
terminated. There was almost no improvement in eye 
movement postoperatively. A magnetic resonance im- 
aging (MRI) scan obtained 3 days after the surgery 
revealed an intensity change and a thickening of part 
of the inferior rectus muscle, suggesting degenera- 
tion or fibrosis, at the site of muscle adherence to the 
periosteum (Fig 1). An MRI scan obtained 5 months 
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Fig |. Sagittal Tl-weighted magnetic resonance image 
obtained 30 days after injury (17 days after first opera- 
tion and 3 days after second) shows kink in anterior por- 
tion of inferior rectus muscle (thin black arrow) and tso- 
intensity signal suggesting fibrosis between inferior rec- 
tus muscle and periosteum (open, wide arrow). No pro- 
lapse of orbital contents is recognized. 


after the second oe. ne similar findings, 
with a kink in the muscle (Fig 2 


DISCUSSION 


Consensus is lacking on the optimal treatment for 
blowout fractures. Some authors recommend early 
surgical therapy.!? while others advocate surgery 
only when conservative therapy has been ineffec- 
(ve 225 A third opinion is that optimal recovery can 
be obtained with conservative therapy alone.° We 
used to perform surgery when no improvement was 


Fig 2. Sagittal T1-weighted magnetic resonance 
images obtained 6 months after injury. A.C.E) 
Affected side. B,D,F) Healthy side. A.B) Up- 
ward gaze, C,D) Primary position. EF) Down- 
ward gaze. Globe on affected side still shows 
disturbance of vertical gaze. Kink of inferior 
rectus muscle on affected side is still shown, 
with no obvious change in shape of muscle on 
eye movement, 


observed after about 10 days of conservative therapy. 
Surgery was performed in the aes case after 10 
days of conservative therapy (13 days after the in- 
jury). However, MRI performed 30 days after the 
injury showed findings suggestive of fibrosis of the 
inferior rectus muscle and its adhesion to the perios- 
teum. At the initial operation, the orbital contents, 
including the inferior rectus muscle, were found to 
have prolapsed into the maxillary sinus through the 
narrow fracture, causing severe entrapment. The MRI 
findings suggested that the inferior rectus muscle had 
gradually degenerated before surgery was performed. 
Adhesion of the muscle to the periosteum, in addi- 
tion to fibrosis of the muscle and surrounding tissue, 
appeared to be responsible for the patient's irrevers- 
ible disturbed eye movement. 


Diplopia persists in a significant number of pa- 
tients following surgical treatment of a blow out frac- 
ture of the or bital floor, even when surgery 1S per- 
formed within 15 days after the traumatic inc eh i S 
Diplopia is probably due to a myogenic or neuro- 
genic cause and may require surgical correction, de- - 
pending upon the degree of vertical dissociation.® 
Lisman et all? have reported that diplopia becomes 
permanent if a Volkmann’s-type ischemic contrac- 
ture a e er rectus ee ER Ve EG 
GEES patients with Ape vascular ne ease, 
and Ge D Sec ie were more bse to 


fick fibrosis: and su e Ser SE even: 
tion is a more prudent canner than medical man- 
agement in high-risk patients with small blowout 
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fractures. Irreversible muscle damage has been in- 
duced experimentally after only 5 to 6 hours of ische- 
mia.!° Our patient had a positive result on the trac- 
tion test, although the fractured bone showed only 
minimum deviation. Orbital contents were incarcer- 
ated tightly in the floor of the orbital fracture. There- 
fore, surgery should have been performed soon after 
the injury. Because of the flexibility of the bone ma- 
trix and the thick periostea, fractures tend to be lin- 
ear in children 1! and the orbital tissue can become 
entrapped in the narrow linear space, causing severe 
constriction. The findings in the present case sug- 
gest that the indications for and timing of surgical 
intervention for blowout fractures should be deter- 


mined on a case-by-case basis. 


CONCLUSION 


Our patient had a poor outcome because surgery 
was delayed for 13 days after an orbital blowout frac- 
ture. Prolonged constriction of the orbital tissue prob- 
ably caused fibrosis of the inferior rectus muscle and 
the surrounding tissue, as well as adhesion of the 
muscle to the periosteum, resulting in an irreversi- 
ble disturbance of the vertical ocular movement. Sur- 
gery should have been performed as early as possi- 
ble in this case. The indications for and timing of 
surgery for blowout fractures should be determined 
on an individual basis. 
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INTRODUCTION 


Chondromas occur infrequently in the head and 
neck and are rare in children. Following is a case 
report of an ethmoid chondroma in an 18-month-old 
girl, along with a review of the literature. This case 
has 2 features that are unusual for sinonasal chondro- 
mas. First, the patient is young for this disease. Kilby 
and Ambegaokar’s! review of the world literature 
for 135 years identified only 7 cases of sinonasal 
chondroma in children less than 10 years of age. Sec- 
ond, the ethmoid tumor was found by chance through 
workup of a presumed congenital oculomotor palsy. 


CASE REPORT 


An 18-month-old girl presented to the Columbia 
Presbyterian Medical Center (CPMC) with the diag- 
nosis of a right third cranial nerve palsy made soon 
after birth. She was followed up at an outside hospi- 
tal by an ophthalmologist who treated her with daily 
patching. At 18 months, a magnetic resonance imag- 
ing (MRI) study was obtained to evaluate the eye, 
and this revealed a mass in the right ethmoid sinus. 
She was then referred to CPMC for further evalua- 
tion and treatment. 


The patient’s history was significant for occasional 
rhinitis and multiple episodes of otitis media. She 
had generally normal development, and the history 
was otherwise unremarkable. Physical examination 
showed a mildly proptotic and inferiorly displaced 
right eye; the pupils were slightly unequal, with the 
right pupil larger than the left. Right ocular examina- 
tion revealed severe impairment of up-gaze and ad- 
duction, moderate impairment of down-gaze, nor- 
mal abduction, and the presence of upper lid ptosis. 
Fiberoptic examination of the nose showed a fleshy 
pink mass that was of soft tissue consistency and 


located anterior to the middle turbinate. Otoscopic 
examination was significant for a retracted right ear- 
drum with purulent fluid behind the tympanic mem- 
brane. 


A computed tomography (CT) scan demonstrated 
a 1.6 X 1.2-cm soft tissue mass in the right ethmoid 
sinus and nasal antrum that was noted to displace 
the right medial rectus muscle laterally (Fig 1). Addi- 
tionally, bone erosion was noted on the floor of the 
anterior cranial fossa at the frontal recess in the re- 
gion of the cribriform plate. Another MRI study con- 
firmed that the ethmoid mass did not appear to be 
contiguous with the brain (Fig 2). 


An endoscopic biopsy of the mass was performed. 
Histologic examination revealed a multilobulated le- 
sion composed of cytologically benign-appearing 
spindle cells. The tissue was composed of round to 





Fig 1. Computed tomography scan in axial plane demon- 
strating 1.6 x 1.2-cm soft tissue mass in right ethmoid 
sinus. Note thinning of medial wall of right orbit and 
lateral deviation of medial rectus muscle caused by mass. 
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Fig 2. Tl-weighted magnetic resonance imaging with gadolinium enhancement. A) Coronal plane. Mass in right 





ethmoid sinus is in close proximity to brain, but does not appear to be contiguous with it. B) Axial plane. Mass is 
visualized in posterior right ethmoid sinus with mild heterogeneous enhancement. No inflammatory changes are 
seen in surrounding tissue. There is expansion of right lamina papyracea laterally into orbit. with thinning of right 
ethmoid sinus. This mass abuts right medial rectus and produces lateral deviation of muscle, but shows no invasion 


or extension into muscle. 


ovoid nuclei in lacunar spaces, suggesting cartilagi- 
nous differentiation with little pleomorphism and no 
mitotic figures (Fig 3). In some areas, lesional cells 
were seen to lie within a myxoid stroma. Immunohis- 
tochemical studies were positive for S-100 protein, 
consistent with a cartilaginous tumor, and for vimen- 
tin, consistent with a mesenchymal lesion. Negative 
cytokeratin and epithelial membrane antigen stains 
were features seen against an epithelial neoplasm; a 
negative desmin stain made the diagnosis of a muscle 
tumor unlikely. The lesion was diagnosed as a myx- 
oid chondroma, and surgical removal of the mass 
was planned. 


On the basis of the localized nature of the mass. 





the consistency of the tumor, its pathology, and cos- 
metic concerns, an intranasal endoscopic approach 
to perform a right total ethmoidectomy and maxil- 
lary antrostomy was combined with an extradural 
bifrontal craniotomy. During the initial surgical ap- 
proach, the right frontal lobe was retracted away from 
the orbital roof in an extradural fashion. The lesion 
was noted to have eroded through the posterior-me- 
dial aspect of the orbital roof at the level of the crib- 
riform plate. The tumor was intimately involved with 
the right olfactory nerve, but did not appear to go 
intradural. The tumor was carefully dissected free 
of the dura, which showed no evidence of invasion. 
The right olfactory nerve was sacrificed near its en- 
try to the dura, and the dura was primarily repaired 


Fig 3. Hematoxylin and eosin-stained 
section of mass (original x200). Cyto- 
logically benign-appearing spindle- 
shaped cells (large arrow) are noted to 
be adjacent to area of definite cartilagi- 
nous differentiation, with round to ovoid 
nucle: found in clear-cut lacunar spaces 
(small arrow). 
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with several 5-0 silk sutures. There was no évidence 
of cerebrospinal fluid (CSF) leakage after this was 
performed. At the completion of the surgery, a vas- 
cularized pericranial scalp flap was brought down 
to cover the cranial defect and isolate the brain from 
the ethmoid sinus. 


Postoperatively, the patient was maintained on a 
spinal drain to allow CSF diversion during the acute 
- healing phase. The patient did well until 1 week af- 
ter surgery, when she developed a right-side rhinor- 
rhea. This was treated with endoscopic repair utiliz- 
ing a piece of temporalis fascia and muscle and CSF 
diversion utilizing a spinal drain. The patient subse- 
quently did well, with resolution of the leak, and she 
recovered without further incident. 


She has been followed up for 2!/2 years since the 
initial surgery, and follow-up examinations and MRI 
show no evidence of tumor recurrence. The patient 
recently underwent surgery to explore the right or- 
bit and attempt cosmetic and functional improvement 
of the right eye. Exploration revealed fibrosis of all 
of the extraocular muscles and orbital tissues; this 
congenital problem can mimic third nerve palsy. 


DISCUSSION 


A chondroma is a benign neoplasm of cartilage.” 
These tumors are rare in the head and neck, with an 
estimated 10% occurrence in this region. When pres- 
ent in the head and neck, they are typically found 
within the larynx or paranasal sinuses.? Of nonepi- 
thelial tumors within the nasal cavity and paranasal 
` sinuses, Fu and Perzin* estimated that only 7% are 
chondromas. 


The distribution of these rare tumors was defined 
in an extensive review of the world literature for a 
135-year period by Kilby and Ambegaokar.'! They 
found that sinonasal chondromas have an equal sex 
distribution and are unusual in children. While the 
age of presentation ranged from 8 months to greater 
than 70 years old, only 5% of cases were found to 
occur in patients less than 10 years of age. The sites 
of origin were, in descending order, the ethmoids 
and nasal cavity (50%), the maxilla (18%), the nasal 
septum (17%), the hard palate (6%), the sphenoid 
sinus and eustachian tube (6%), and the alar carti- 
lage (3%).! 


Clinically, chondromas are typically painless, 
asymptomatic lesions that are found incidentally dur- 
ing a routine nasal examination. When symptoms 
are present, they usually include nasal obstruction 
and stuffiness. Chondromas rarely cause local signs 
such as soft tissue swelling and proptosis.!.2 The re- 
view of Kilby and Ambegaokar! found that only 5 


of 128 patients with sinonasal chondromas devel- 
oped blindness. 


Grossly, lesions are typically nodules that mea- 
sure less than 3 cm and that project into the lumen 
of the nasal cavity or nasopharynx. Histologically, 
they are composed of well-differentiated lobulated 
hyaline cartilage and often demonstrate a minor de- 
gree of cellular atypia.4° Recognizing a chondroma 
as a benign lesion can be challenging. According to 
Batsakis et al,° the histopathologic distinction be- 
tween a chondroma and a low-grade chondrosarcoma 
is notoriously difficult. Many of the fine structural 
features of low-grade chondrosarcoma cells are also 
found in cells of normal hyaline cartilage.® 


The treatment of choice is complete surgical re- 
moval with an adequate margin of normal tissue to 
prevent recurrence and possible malignant degenera- 
tion. While the vast majority of tumors do not re- 
spond to radiotherapy,’ local excision is curative in 
almost all cases.’ Due to the location of this lesion, 
and the strong consideration that the mass had e1- 
ther a dural or intradural component, it was felt that 
the tumor would be best addressed by utilizing a com- 
bined approach. This combined approach affords an 
excellent opportunity to visualize any extent of tu- 
mor and minimize risk of dural or cortical injury, 
which would be difficult to repair from a purely in- 
tranasal endoscopic approach. 


The patient described in this report had an unusual 
presentation of a rare disease. Five percent of sino- 
nasal chondromas occur in patients less than 10 years 
old. They are usuaily asymptomatic or cause nasal 
stuffiness. Other entities to consider in the differen- 
tial diagnosis of the ethmoid tumor include both be- 
nign and malignant neoplasms. Benign masses fre- 
quently found in the paranasal sinuses include muco- 
celes, polyps, fibrous dysplasia, ossifying fibromas, 
giant cell tumors, and hemangiomas. Malignant le- 
sions such as rhabdomyosarcomas, carcinomas, lym- 


. phomas, and leukemias need to be considered in any 


case of a pediatric paranasal sinus mass. 


The present case of ethmoid chondroma was noted 
by chance through evaluation of a presumed congen- 
ital oculomotor palsy. Recent surgical examination 
of the orbit revealed fibrosis of the extraocular mus- 
cles rather than third cranial nerve palsy as the cause 
of the patient’s eye findings, and points out the diffi- 
culty of determining the cause of extraocular muscle 
problems in infants. While the ethmoid chondroma 
was not related to the eye problem, the case high- 
lights the benefits of imaging for difficult cases, and 
the benefits of a combined surgical approach for re- 
moval of benign ethmoid masses. 
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INTRODUCTION 


Fibrous dysplasia as a clinical term was introduced 
by Lichtenstein! as early as 1938. The disease is char- 
acterized by a slowly progressive replacement of can- 
cellous bone by abnormal fibrous tissue that histo- 
logically represents various stages of bone metapla- 
sia.? The proportions of the fibrous and osseous tis- 
sues vary, occasionally even in the same bone 22 The 
development of the disease lasts for years and pre- 
sents with deformity or mild symptoms. This locally 
destructive disease can occur In association with en- 
docrine abnormalities such as Albright’s syndrome 
(precocious puberty, cutaneous pigmented patches 
over the involved bones) or as an isolated clinical 
entity. Rarely, fibrous dysplasia is associated with 
other bone pathological changes such as aneurysmal 
bone cyst inside the paranasal sinuses’ or mucocele.® 
The cause of the disease, however, remains unknown. 

Ramsey et al’ offered a classification of fibrous 
dysplasia into 3 types: type |, characterized by single 
or multiple lesions in 1 and the same bone (monos- 
totic type); type 2, characterized by multiple lesions 
involving more than | bone e and type 
3, characterized by dissemination of pathological 
bone changes connected to other disturbances such 
as Albright’s syndrome. There are also classifications 
according to histologic and radiologic findings.*? In 
terms of the predisposing sites of its clinical appear- 
ance, craniofacial fibrous dysplasia is most frequent- 
ly located in the mandible and maxilla.*:!®-!- The 
paranasal sinuses are rarely involved. The most com- 
mon locations are the maxillary and, less frequently, 
ethmoidal sinuses.'? To the best of our knowledge, 
an isolated, unilateral fibrous dysplasia of the sphe- 
noid sinus has not been reported so far in the liter- 
ature. 


CASE REPORT 
A2 | | -year- -old man with a history of recent onset 


of severe headaches was evaluated by computed to- 
mography (CT) and magnetic resonance imaging 
(MRI). An undefined “mass” was found within the 
remarkably enlarged right sphenoid sinus (Pigs | and 
2). To exclude a “possible relationship between the 
mass and the internal carotid artery, as well as the 
right cavernous sinus, arteriography of both external 
ane mierna! caon arteries was e dane Se au ny the 


ee to the eg ee SINUS Was ae 


The posterior third of the middle turbinate had to 
be removed to make the anterior sphenoid wail more 
visible. However, despite the relatively good visi- 





Fig 1. Enhanced axial computed tomogram oi: SE noid 
sinus showing sclerosis and emphasized expansion of 
right sphenoid sinus. Surrounding bony structures seem 
to be of normal appearance. C omputed tomography ap- 
pearance of sinus content is characterized by hetero- 
geneous density (ground-glass appearance). Isolated, 
bone-like particle >s of irregular, bizarre shape inside ini- 
volved sinus not only closely resembled osteosarcoma s 
spicules, but also suggested aspe rgilloma. 
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Fig 2. Magnetic resonance coronal image showing bizarre 
formation of heterogeneous density in projection of right 
sphenoid sinus. No signal characteristics suggesting cal- 
cification can be seen within mass. 


bility and all surgical endeavours. the crucial ma- 
neuver of opening the anterior wall by a direct ap- 
proach through the sphenoethmoid recess remained 
unsuccessful. Hence, an additional, more classic en- 
doscopic approach to the sphenoid sinus through the 
ostiomeatal complex and posterior ethmoid was per- 
formed. This helped ensure that the site of previous 
attempts in opening the sphenoid sinus was correct. 
Finally, it became obvious that we were dealing with 
“bone in bone”: after the partial removal of an un- 
expected bony “shell,” an unusual bony-fibrous tis- 
sue was found behind it. The tissue was very adherent 
to the adjacent sinus walls, making removal. partic- 
ularly in the zones of the optic nerve and carotid ar- 
tery, very tricky. Nevertheless, a vast majority of the 





suspect tissue was removed. Histopathologic analysis 
of the frozen sections revealed fibrous dysplasia. Pro- 
liferative, well-vascularized fibrous stroma surround- 
ing the irregularly shaped trabeculae of woven bone 
without osteoblastic activity was found. Its appear- 
ance was intraluminal, suggesting the origin of this 
unusual mass to be from the sphenoid sinus septum 
(Fig 3). Fifteen months after the surgery, the patient 
is doing well. 


DISCUSSION 


Fibrous dysplasia develops mostly during the first 
2 decades of life and usually regresses at puberty, 
although it may continue to grow slowly in adult- 
hood.'*!> It seems that this was the case in our pa- 
tient. 


Fibrous dysplasia in an “active phase.” ie. prior 
to its presumed regression in adolescence, can show 
a very dense vascularity. The increased vascularity 
of active lesions may cause symptomatic arterio- 
venous shunting.!® Fortunately, we did not find any 
arteriovenous shunting during arteriography of the 
internal and external carotid arteries. Further, some 
authors state that even in symptomatic patients with 
biopsy-proved fibrous dysplasia, because of a dense 
vascularity the surgery should be delayed when fea- 
sible, until the growth of fibrous dysplasia slows or 
ceases, 1? 


With craniofacial involvement, visual loss may be 
caused by compression of the optic nerve!® or chi- 
asm!” by dysplastic bone, or by hemorrhage into dys- 
plastic bone.“" In our patient we did not find any 
clinical, CT, or MRI signs of involvement of other 
Structures, except the right sphenoid sinus. To the 
best of our knowledge, this is the first report of an 
isolated, unilateral fibrous dysplasia of the sphenoid 


Fig 3. Proliferative, well-vascularized 
fibrous stroma surrounding irregularly 
shaped trabeculae of woven bone with- 
out osteoblastic activity (H & E. original 
x100). 
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sinus. The most similar case was that described by 
Mueller et all? in 1992, but the disease was not en- 
tirely isolated, since they found the ipsilateral great 
wing of the sphenoid bone to be involved as well. 


Concerning the differential diagnosis prior to sur- 
gery, it must be emphasized that radiologic signs, 
although they can be very characteristic, are not al- 
ways easy to recognize. Fries? has classified cranio- 
facial fibrous dysplasia into 3 radiographic patterns: 
pagetoid, sclerotic, and cystlike. The pagetoid form 
resembles Paget’s disease, with remarkable bone ex- 
pansion and alternating zones of radiodensity and 
radiolucency. This type more frequently appears in 
patients over 30 years of age, and the symptoms can 
last for more than 15 years on average. The sclerotic 
type demonstrates a homogeneous, severe density, 
again accompanied by bone expansion, whereas the 
cystlike pattern is usually a single. well-defined ra- 
diolucent lesion, round or oval in shape, edged by a 
thin, sclerotic margin clinically resembling an egg- 
shell. Both are frequently seen in children or younger 
adults (less than 25 years of age) who have had symp- 
toms for less than 3 years. 


Fries’? classification, however, was established on 
the basis of conventional radiography. Computed to- 
mography diagnosis has introduced the term “ground 
glass—like lesion.” It usually measures 70 to 130 
Hounsfield units (HU), contrary to other lesions, such 
as osteomyelitis and neoplasms, which usually have 
lower attenuations of 20 to 40 HU.’ The bonelike 
spicules, characteristic of osteosarcomatous lesions, 
must be differentiated from aspergilloma, since as- 
pergilloma may also present with sporadic opacities 
of almost bony density.?! In contrast to osteosarco- 
matous lesions, these opacities are mostly located in 
the center of the lesion. 


On MRI, fibrous dysplasia displays nonspecific 
findings. with low signal intensity on Tl-weighted 
images and low, intermediate, or high signal intensity 
on T2-weighted images.*"*4 It seems that fibrous 
dysplasia may not be differentiated on the basis of 
signal intensity alone, ie, by means of standard MRI 
(Fig 2). This technique may not demonstrate a thin 
calcific shell and calcifications as effectively as CT 
(Fig 1).!6 Our patient showed many “characteristic” 
radiologic and MRI signs, which confused us. 


x 


From the histopathologic point of view, woven 
bone usually predominates in typical fibrous dys- 
plasia, but various amounts of lamellar bone may 
also be seen. ID The microscopic differential diagnosis 
of fibro-osseous clinical entities of the facial bones 
includes fibrous dysplasia, ossifying fibroma, and 
cementifying fibroma.!4 They all resemble each oth- 
er, so it is difficult to distinguish among them. SUH, 
ossifying fibromas are often well delimited and are 
composed of lamellar bone, lined by osteoblasts. Ce- 
mentifying fibromas are made up of spherules with 
interpreted as cementum. 


Ki 


The histology in our case showed an ill-defined 
D = ~ D "a - ` , 
lesion made up of proliferating fibroblasts in a com- 
pact stroma of interlacing collagen fibers, Irregular 


the woven bone were scattered throughout the lesion. 
Osteoblastic rimming was not observed (Fig 3). 


In regard to secondary malignant degeneration of 
fibrous dysplasia, pain and soft tissue extension 
should be strongly considered, since sarcomatous al- 
terations occur in 0.5% of all patients. More than 
half of these sarcomas are located in the craniofacial 
region. Osteosarcoma is the most common secondary 
tumor in fibrous dysplasia.” 


Finally, there is the problem of how to adequately 
follow up patients operated on for fibrous dysplasia, 
since it is difficult to distinguish among recurrent 
lesions, postoperative and postirradiation inflamma- 
tion, and secondary sarcomatous degeneration. It 
seems that a new MRI technique. gadolinium-en- 
hanced dynamic subtraction MRI, may be useful be- 
cause it can separate the rapid, early vascular phase 
of enhancement of malignant tumors from the slower, 
late vascular phase of enhancement of benign lesions 
and inflammations.” 


In conclusion, fibrous dysplasia of the sphenoid 
sinus presents a diagnostic challenge to both clini- 
cians and radiologists. It must be considered in cases 
of a calcified, thick margin of the enlarged sphenoid 
sinus and a ground-glass appearance of the mass in- 
side it. Because of the potential for malignant change, 
vigilant clinical and imaging assessment of fibrous 
dysplasia with histopathologic correlation is essen- 
tial. 
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Current routine histopathologic methods may fail in detecting lymph node micrometastases, while the introduction of newer, 
sensitive techniques, such as immunohistochemistry and molecular analysis, can improve their detection. The literature reveals that 
the presence of micrometastases has clinical and prognostic implications. 


A reliable assessment of the number of metastatic 
lymph nodes depends on the number of nodes re- 
moved and examined, the pathological techniques 
used, and the surgeon’s and/or pathologist’s skill in 
dissection and evaluation. Moreover, the sensitivity 
of current routine histopathologic methods in assess- 
ing regional lymph node involvement is imperfect, 
in that it, like clinical staging, cannot detect the pres- 
ence within those nodes of single metastatic tumor 
cells. At present, the non-overt metastatic status of 
the patient is often assessed incorrectly, because it is 
routinely studied by histological examination of only 
1 or 2 hematoxylin and eosin sections prepared from 
a representative cut surface of a lymph node. Since 
most parts of a lymph node are left unexamined, it is 
very likely that micrometastases are overlooked.! 


A more careful application of traditional patholog- 
ical techniques (such as histopathologic examination 
with serial sections and histochemistry) and the in- 
troduction of newer, sensitive techniques (such as 
immunohistochemistry and molecular analysis) can 
improve detection of “inapparent” (microscopic, oc- 
cult, obscure, clandestine, molecular, immunohisto- 
chemical, undetected) metastases (Table 1), but it is 
very important to know if such added information 
will actually have an impact on prognosis. The Fig- 
ure shows an algorithm regarding these various path- 
ological methods, which are often complementary 
in detecting micrometastases. Therefore, a lymph 
node free of metastasis by conventional histologic 
examination (pNO, hematoxylin and eosin) may show 


individual malignant cells or a group of them by im- 
munohistochemistry (pN1, immunohistochemistry), 
and a lymph node NO by both mentioned techniques 
may contain isolated tumor cells or small clusters of 
cells by molecular analysis (pN1, molecular analy- 
sis). Immunohistochemistry and molecular analysis 
also are capable of converting the status of nodes 
from negative (as assessed by conventional micros- 
copy and sampling) to positive (as previously unde- 
tected micrometastases are revealed by way of these 
more sensitive detection methods). It is also well doc- 
umented in the literature that the sensitivity of senti- 
nel lymph node biopsy is improved by addition of 
immunohistochemical techniques to conventional 
microscopy.° Nevertheless, skip metastases may oc- 
cur in the neck‘; as a consequence, a detailed histo- 
logic, immunohistochemical, and molecular assess- 
ment of all the lymph nodes removed during a neck 
dissection is the most reliable currently available 
method of assessing the actual metastatic status of 


TABLE 1. PATHOLOGICAL TECHNIQUES USED TO 
DETECT OCCULT LYMPH NODE METASTASES 
Traditional techniques 
Routine histopathologic examination 
Serial sections with hematoxylin and eosin 
Histochemistry 
Sensitive techniques 
Immunohistochemistry 
On single section 
On multiple sections 
Molecular analysis 
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Lymph nodes 
Clinically negative 
H&E - 
H&E + in Single section 


D ` + 


in single section 


H&E + 
in serial sections 


` 


H&E- 
in serial sections 


the lymph nodes. 


In view of the fact that the presence or absence of 
lymph node metastases is the most important inde- 
pendent prognostic factor for predicting the outcome 
of patients with cancer of the head and neck, it is not 
surprising that there is a great deal of clinical inter- 
est in the detection of micrometastases. We must dis- 
tinguish 1) tiny metastases (micrometastases) that are 
detected within regional nodes from cervical node 
dissection specimens that are already known from 
conventional microscopy to be clearly positive for 
metastatic disease from 2) those micrometastases that 
are uncovered within nodes from dissections that on 
conventional microscopy would have been desig- 
nated as negative. While the former finding (micro- 
metastases against a backdrop of grossly obvious me- 
tastases) is not likely to be significant, the latter case 
(micrometastases in the setting of otherwise nega- 
tive node dissection specimens) may well have prog- 
nostic implications. As a general rule, micrometas- 
tases are defined as tumor deposits measuring 2 mm 
or less in greatest dimension. 


EXPERIENCE WITH MICROMETASTASES IN 
OTHER TUMOR TYPES 


Trojani et al,’ using immunohistochemical tech- 
niques, discovered occult metastases in lymph nodes 
of patients affected by breast cancer. The presence 
of micrometastases was significantly correlated with 
a higher recurrence rate (p = .0025) and a lower over- 
all survival (p = .02). The International (Ludwig) 
Breast Cancer Study Group® found an additional 9% 
of patients with micrometastases on examining 921 
breast cancer patients “without” metastases in initial 
histologic evaluation of axillary lymph nodes. The 
patients with occult metastases had lower rates of 
disease-free survival (58% versus 74%; p = .003) 


Clinically positive 


Algorithm of detection of micrometastases. H&E 
— hematoxylin and eosin, IHC — immunohisto- 
chemistry, MA — molecular analysis. 


and overall survival (79% versus 88%; p = .002) af- 
ter 5 years’ median follow-up, compared with pa- 
tients whose lymph nodes remained negative on se- 
rial sectioning. 


In 1997, Ishida et al’ indicated that the presence 
of micrometastases in lymph nodes is an indispens- 
able factor in determining the prognosis of gastric 
carcinoma patients. In 1997, O’Sullivan et al® found 
micrometastases in the bone marrow after “curative” 
surgery in about half of their patients with squamous 
esophageal cancer. Half of the patients with bone 
marrow micrometastases detected postoperatively 
had relapses within 18 months. In contrast, fewer than 
one fifth without bone marrow abnormalities devel- 
oped recurrent disease. 


Tumors classified as pNO by routine methods could 
be reclassified more correctly as pN1 when the lymph 
nodes are examined immunohistochemically by 
means of a monoclonal antibody cocktail AE1/AE3 
for cytokeratin and/or amplification of keratin 19 
messenger RNA (K19) by reverse transcriptase—poly- 
merase chain reaction.!3 


In 1998, Natsugoe et al? demonstrated that the 
presence of micrometastases with a stromal reaction 
in the regional lymph nodes from esophageal carci- 
nomas is prognostically equivalent to the presence 
of metastases and that therefore the lymph nodes 
should be examined by sensitive immunohistochemi- 
cal techniques to classify these patients correctly as 
pN1. The original pN1 patients, as expected, had a 
significantly shorter survival compared with pNO pa- 
tients, but most important, the new, “corrected” pN1 
patients had the same shorter survival as the original 
pN1 cases (p < .05). 


In 1999, Glickman et al!° did not support that the 
presence of lymph node micrometastases in adeno- 
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TABLE 2. DETECTION OF LYMPH NODE MICROMETASTASES IN PATIENTS FOUND TO BE LYMPH 
NODE-NEGATIVE BY ROUTINE HISTOPATHOLOGIC EXAMINATION AND THEIR PROGNOSTIC SIGNIFICANCE 


| Increased Detection 


Authors Year Site MSCHE IHC MA Prognostic Significance 
Bussolati et al?! 1986 Breast 24% ~ 
Trojani et al 1987 Breast 14% Yes 
Friedman et al!4 1988 Breast 9% Yes 
Sedmak et al!8 1989 Breast 20% Yes 
International (Ludwig) Breast 

Cancer Study Group® 1990 Breast 9% Yes 
Schurman et al?? 1990 Breast 37.5% ~~ 
Chen et al?3 1991 Breast 29% Yes 
de Mascarel et al!5 1992 Breast 23% Yes 
Hainsworth et al24 1993 Breast 12% Yes 
Nasser et al? 1993 Breast 17% 14% Yes, only for metastases 

, >0.2 mm 

Brennan et al6 1995 Head and neck 21% -— 
Mori et al?? 1995 Breast, gastrointestinal tract 54% — 
Noguchi et al! 1996 Breast 16% — 
Ishida et al? 1997 Stomach 18% Yes 
Izbicki et al?8 1997 Esophagus 17% Yes 
Demeure et al?’ 1998 Pancreas 73% Yes 
Luketich et al30 1998 Esophagus 49% Yes 
Natsugoe et al? 1998 Esophagus 31.7% Yes 


MSCHE — multiple sectioning colored with hematoxylin and eosin, IHC — immunohistochemistry, MA — molecular analysis. 


carcinoma and squamous cell carcinoma of the 
esophagus 1s an independent poor prognostic factor, 
but the follow-up of the patients was only approxi- 
mately 2 years. 


In 1999, Yokoyama et al!! reported a study on the 
sensitivity and clinical implications of immunohis- 
tochemical detection of lymph node micrometastases 
in patients with gallbladder carcinoma. This study 
demonstrated a significant difference in postopera- 
tive survival between patients with lymph node mi- 
crometastases and those without (p = .037, log rank 
test). Among patients with no lymph node disease 
on routine histologic examination, there was a trend 
_ toward a worse survival rate in those with lymph node 
micrometastases (p = .10, log rank test). 


Although contradictory results have been reported 
on the prognostic significance of micrometas- 
tases, !9.12-16 their presence is an independent predic- 
tor of decreased disease-free and/or overall survival, 
especially at 10 years, !1,17-20 


Table 2!5-7,9,14,15,18,21-30 summarizes the various 
techniques used by pathologists to detect microme- 
tastases and their prognostic significance. 


RELATION OF EXPERIENCE WITH 
MICROMETASTASES IN OTHER TUMORS TO 
HEAD AND NECK CANCER 


While these studies in other tumor systems are cer- 


tainly intriguing, suggesting (at least intuitively) that 
similar findings should be reproducible in the mi- 
crocosm of head and neck cancers, the fact remains 
that hard empirical evidence of such a prognostic sig- 
nificance is yet to be accumulated. This, then, marks 
the territory of a fertile area for further clinical inves- 
tigation. It seems likely that new molecular tech- 
niques and sensitive immunohistochemical investi- 
gations may allow us to identify micrometastases in 
clinically negative lymph nodes that may, in turn, 
have an impact on the staging and overall survival 
of head and neck cancer patients (particularly at the 
10-year mark postdiagnosis). It just remains for pa- 
tient data to confirm this. 


CONCLUSIONS 


There 1s, therefore, an abundance of evidence that 
the presence of micrometastases has clinical and 
prognostic implications. These findings argue in fa- 
vor of selective neck dissections for head and neck 
cancers and indicates the importance of immunohis- 
tochemistry>!-53 and molecular biology?®34 in cor- 
rectly staging the neoplasms of these areas. Immu- 
nohistochemical and molecular staging are very at- 
tractive and interesting means to correctly classify 
these tumors. Accurate staging is essential to studies 
designed for the evaluation of postoperative adju- 
vant or therapeutic regimens. Many tumors are un- 
derstaged even after surgical excision, and therefore, 
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they should be restaged. The reliability of neck stag- 
ing in clinically NO cases is influenced by the patho- 
logical study of the specimen of the neck dissection, 
ie, by the number of sections investigated microscopi- 


cally by the use of immunohistochemistry and molec- 
ular analysis. The dissection of 1 or 2 sentinel lymph 
nodes is not acceptable in head and neck cancers, 
given the frequency of “skip metastases” in the neck? 
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FIFTH INTERNATIONAL CONFERENCE ON HEAD AND NECK CANCER 


The Fifth International Conference on Head and Neck Cancer will be held July 29~August 2, 2000, in San Francisco, California. 
For information, contact Concepts in Meetings & Events, Robin L. Wagner, President, 7819 Lloyd Ave, Pittsburgh, PA 15218-1941; 
telephone (412) 243-5156; fax (412) 243-5160; e-mail: rlwa@med.pitt.edu. 


BOOK REVIEWS 


Allergy in ENT Practice, A Basic Guide 


Houston C. King, Richard L. Mabry, and Cynthia S. Mabry. 
Soft cover, illustrated, indexed, 452 pages, 1998. Thieme, 
New York, NY, $59. 


Purpose: To provide an introduction for physicians and 
nurses in any field or specialty of medicine to the importance of 
recognizing allergic disease in their patients, as well as to pro- 
vide a basic guide for setting up a testing laboratory in the office. 
The book addresses how to recognize the allergic patient and 
discusses the underlying physiological principles of allergic 
disease and treatment modalities, including environmental con- 
trol, pharmacotherapy, and allergenic extract injection immu- 
notherapy. For those so inclined, the book is an excellent source 
of aid in setting up an allergy department. 


Contents: The text is extremely well organized and very easy 
to follow, from consideration of setting up an allergy practice 
through trouble-shooting common problems that anyone treat- 
ing the allergic patient would come up against. 


Attributes: The book is exceptionally well written and easy to 
follow and filled with a variety of illustrations to enhance spe- 
cific points. The “Nurse’s Notes” that are found throughout the 
textbook make it an excellent reference and “must” reading for 
any nurse or technician engaged in the management of the al- 
lergic patient. The 5 appendices provide the novice as well as the 
experienced practitioner with valuable information to aid in the 
management of patients, including what primary and secondary 
allergens one should suspect in specific geographic areas of the 
country. This appendix is also a great reference for the practi- 
tioner to use in selecting what allergens to test in his or her geo- 
graphic region of the country. 


Limitations: The only limitation in this text is an editing error 
noted on page 125, involving preparation of the histamine con- 
trol. Until approximately 1994, the standard histamine control 
that was used was a 2,75 mg/5 mL solution that was serially 
` fivefold diluted to a #3 dilution. The manufacturer of that par- 
ticular product discontinued it, and following that, a variety of 
different concentrations of histamine base became available. 
Due to an error that got past the proofreading, the incorrect di- 
lution level is listed for histamine, but the principle of the cal- 
culation for the histamine control is correct. This should not 
make any difference, since histamine is now available in the 
0.275-mg/mL strength, as opposed to 0.0275 mg/mL. 


Applicability: This text is invaluable for any physician of any 
specialty and for nurses and technicians involved in the man- 
agement of allergic patients. It is a basic reference guide to safe- 
ly identifying, testing, and treating allergic patients and is ex- 
ceptionally well written and extremely easy to follow in its lay- 
out. The various graphics and Nurse’s Notes throughout the text 
are extremely useful in augmenting specific points. 


EDWYN L. BOYD, MD 
Hoover, Alabama 


Managed Care, Outcomes, and Quality. A Practical Guide 


Steven F. Isenberg, editor. Soft cover, illustrated, indexed, 
343 pages, 1998. Thieme, New York, NY, $59. 


Purpose: Offers an up-to-date guide to the features and in- 
tricacies of managed care. 


Contents: Section I includes a rundown of capitation, reim- 
bursement in a managed care environment, CPT issues, and the 
idiosyncrasies of a managed care environment. Section II de- 
scribes outcomes research and useful information to implement 
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such in office practices. In Section II, one learns of the improve- 
ments and downsizing adopted as a response to the need for 
cost-cutting efficiency. Section [V describes the physician’s 
struggle to respond to managed care, eg, networks, mergers, and 
acquisitions. 


Attributes: The text is a complete reference book that pro- 
vides the head and neck physician with guidelines, though not 
clear solutions, to the problems of managed care. Insights are 
given into managed care plans that are playing an increasingly 
important role in physicians’ practices, in terms of data they 
possess, analyses they do, and so-called incentives they pro- 
vide. Above all, the book tackles the economics of managed 
care: capitation, legal issues, physician organizations, contract 
profitability, termination, etc. 


Limitations: Certain parts of the book (Preface, Foreword, 
and Chapter 23) provide compelling arguments that answers 
to this great dilemma in medicine reside in managed care. Not 
every réader will relish the description of managed care and 
health maintenance organizations as “free market” alternatives. 


Applicability: The book gives acomprehensive and thorough 
overview of the possibilities and limitations of managed care. It 
is recommended to all otolaryngologists. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Endoscopy in Neuro-otology 


Jacques Magnan and Mario Sanna. Hard cover, illustrated, 
indexed, 101 pages, 1999. Thieme, New York, NY, $198. 


Purpose: Application of endoscopy in the field of neuro- 
otology. Otologic endoscopy, such as in the involvement of the 
middie ear, is not included in this text. 


Contents: There are 3 parts to the book: 1) endoscope technol- 
ogy, 2) endoscopic anatomy of the cerebellopontine angle and 
adjacent structures, and 3) microscopic and endoscopic neuro- 
otological surgery. The second chapter shows details of neural 
and vascular anatomy that may not be available in microscopic 
surgery. The third chapter deals with the advantage of endos- 
copy as the main technique or as an adjunct to microscopic 
surgery in difficult surgical encounters. 


Attributes: In this atlas we learn the workings of endoscopy 
as a major investigative and therapeutic technology in the dis- 
ciplines of neuro-otology and skull base surgery. It succeeds in 
showing the fundamental importance of the endoscopic proce- 
dure, ie, it allows a more comprehensive map of the neurovas- 
cular components to be obtained without the need for cerebel- 
lum retraction, not to mention the important contribution to a 
minimally invasive surgery approach that offers patients the 
potential for minimal morbidity. Most impressive are the excel- 
lent illustrations throughout the text. 


Limitations: One wonders if the difficulties and obstacles 
mentioned by the authors for endoscopic vestibular neurectomy 
do not apply throughout all the procedures. These are 1) insuf- 
ficient spontaneous retraction of brain structures, 2) presence of 
thick arachnoid wrappings requiring dissection, 3) presence of 
vascular loops hindering direct access to structures, and 4) dif- 
ficulty in determining with certainty, through the scope, whether 
surgery is complete. 


Applicability: The text is a valuable reference for the neuro- 
otologist. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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